Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



y'OrOF 







GEOLOGY IN THE GAHDEN ; 

OK, THE FOSSILS IN THE 
FLINT PEBBLES. 

BY HENST ELET, M.A. 

WITH lUiUSTBATIONB. 




LONDON. 
BELL AND DALDY, 186, PLEKT STREET. 



711 



LONDON : 
PRINTED BT RICHARD OLAT, BREAD STREET HILL. 



> CONTENTS 



CHAPTEB I.- 

FAGE 

1 Geology as a source of rational amusement — Not pursued by some 
persons from a prevailing misapprehension — Other popular 
sciences supposed to he more accessible — None more attractive 
— Satisfactory to study it experimentally — Its conclusions sur- 
prising — ^Tangible proof peculiarly desirable — A portion of this 
proof easily obtainable where many persons would hardly look 
for it — Fossils round their homes — the Flint Pebbles 1 



\ 



CHAPTER II. 

Plan of the book to give explanations wherever needful— Chief 
truths of Geology, by way of introduction — ^Table of Fossiliferous 
Strata — Explanation of it 6 

CHAPTER III. 

Minute Fossils not less instructive than those which are more con- 
spicuous—Of more importance in the strata — Paris built of a 
stone made up of such fossils — The material of the Pyramids of 
Egypt not very different — Strata of a like origin hundreds of feet 
in thickness — Fb'nt Pebbles the prevailing stones in the gravel of 
south-east of England — Common mistakes about their history — 
Almost all contain fossil remains— rApparatus needed for search, 
simple — Not expensive — Best method of finding, displaying, and 
securing these fossils 15 

CHAPTER IV. 

Native place of these flint pebbles— The chalk — Contains layers of 
flints — With the same fossils — ^The chalk flints differ in appear- 
ance from the pebbles — Chalk flints rolled into similar pebbles on 
sear«hore — Coating of pebbles caused by decay — This proved 
by Hertfordshire pudding-stone — Pure quartz does not decompose 



vi Contents. 



PAOX 

]ike common flint— Larger fossils in gravel-pits — And unrolled 
chalk flints among gravel— Confirm the fact that fiint pebbles 
come from the chalk— They obtained their fossils from the chalk— 
Which is in great part made up of such remains — Origin of flints 
in chalk — Decomposition of felspar — Hot springs holding silex in 
solution — The geysers — Difficult question — Does not concem->our 
argument 25 



CHAPTER V. 

The chalk formation — Its extent in south-east of England— A 
marine deposit — Whole area of chalk originally under water — 
Since upheaved — Chalk strata greatly disturbed — Extensively 
washed away— This exemplifled in the Weald of Sussex— Flints 
of eastern counties not from Weald— Disputes among geologists 
much exaggerated 36 



CHAPTER VI. 

By what agency were the chalk-fiints distributed? — Not easy to 
give an account of every bed of gravel— Blackheath and Woolwich 
shingle beds — Gravel of Thames Valley— Drift— The Northern or 
Boulder Drift— In Norfolk and neighbouring counties — ^Unbroken 
flints in Northern Drift — Never been subjected to much violence 
from moving water — ^Transported for many mUes — Great depres- 
sion in chalk called London Basin — ^London Clay — Norfolk Drift 
resting upon it — How Spread t — Dropped by ice-bergs— Two prin- 
ciples for the explanation of such phenomena — Up and down 
movements of land — Climate by no means always the same in 
same latitude— Effect of ocean-currents on climate — Effect of 
position and height of dry land — Ice-bergs now generated as near 
the equator as the middle of France 53 



CHAPTER VII. 

Glaciers — Formerly in British Islands — ^If instrumental in distri- 
buting drift must have descended to sea-level — Wide area over 
which ice-bergs are now distributing drift— Several kinds of ice- 
bei^ — Which distribute drift in both hemispheres in lower lati- 
tudes than England — Much of British Isles under water at period 
of Norfolk Drift— Their glaciers reaching the sea— Stones and 
drift scored and scratched as if by glaciers— Great cold prevailed 
at the period of the Norfolk Drift — New and interesting corrobora- 
tion of this fact 78 



Contents. vii 



CHAPTER Vin. 

PAOB 

Further prooA of glacial action at period of Boulder Drift— Scoring 
of rocks beneath Drift— Rounding of pinnacles of rock — Chalk too 
soft to retain such marks — But Drift much disturbed, probably 
by means of ice— Ice-bergs of present day displacing drift— Flints 
of eastern counties dropped by coast-ice 101 



CHAPTER IX. 

Boulder Drift occurs on Continent of Europe— and in North America 
— Strata in various countries how known to be of same age — Four 
tests*Superposition — Mineral character — Fossils — Included frag- 
ments — Korthem Drift of several countries proved to be of same 
age by fossilft— Boulder Drift of North of Europe — Of United States 
and Canadi^— No boulder drift in equatorial regions where ice is 
wanting'-^oulder Drift of Alps— Such drift everywhere associated 
with gladal phenomena— Therefore the result of glacial action .114 



CHAPTER X. 

Mineral material of the reader's garden— Relative position of the 
strata with which we are concerned — Boulders of the Drift from 
the north — Strata below the Drift from the Chalk upwards— Peb- 
bles in Plastic Clay and in Drift prove oscillations of earth's crust 
— A hot climate in these latitudes before the Glacial Period — ^Vast 
length of time occupied by these changes — Proved by phenomena 
in France — ^And in Sicily — Change of temperature possibly caused 
by changes in distribution and height of land — ^Fossils in reader's 
garden may lead to some of these conclusions 12S 



CHAPTER XI. 

New lands emei^ from sea without a vegetable soil— New islaad 
upheaved in 1806— Formation of a vegetable soil — Decomposition 
of rocks by rain-water— Carbonic acid— Decomposition of graaite 
supplies clay — Decay of vegetation — Vegetable matter not all that 
is needful— Barrenness of decayed vegetable matter— The Irish 
bog — ^Mineral matter required— The earthworm the great vegetable 
soil-maker — Habits of the earthworm — Its agency in raising mineral 
matter to the surface— Its operations of geolo^cal importance— 
Not the only sofl-maker — ^Ants effective for the same purposes— 
Especially in tropical forests — Worms and ants at work at an 
elevation of 15,500 feet— Their operations may be witnessed in 
our gardens 148 



viii Contents. 

CHAPTER XII. 

Recapitulation— Conclusions apart from uncertain speculations — 
Changes whiclv geology reveals part of a fore-ordained plan — Pre- 
pared the earth's surface for the occupancy of man — Such provi- 
sions call for gratitude— Creology makes known to us beneficent 
designs of Providence— Furnishes arguments in support of natural 
religion— May correct misapprehension of passages of Scripture 
— Conclusion 163 

APPENDIX. 

Shell prisms — Sponge spicules -^'Foraminifera, or poljrthalamia — 
Fish scale — Spiniferite — Ventriculites — Echinites and their spines 
— Branching sponge — Fentacrinite — Hertfordshire pudding-stone 
— Rolled flint— Unrolled flint from gravel-pit ....... 177 



) 



I 



I 
I 



\ 

\ 



IKDEX TO PLATES. 



Plate III. Frontispiece. 
Plate VII. to face page SI. 
Sections I. II. and III. to face page 43. 
Map I. to fisce page 44. 
Map II. to face page 96. 
Section IV. to face page 128^ 

Plates I. II. IV. to VI. and VIII. to XII. to be placed 
after the Appendix. 



ERRATA. 

Page 78, line 6, /or " with glaciers " read " their glaciers." 

Page 78, line 7, for " and drift " read " in drift." 

Page 80, line 24, for " London " read " Snowdon." 

Page 150, line 4, for " large " read "larger." 

Page 188, line 30, for " foraminifers " read " foraminifer." 



GEOLOGY IN THE GARDEN. 



./ 



CHAPTER I. 

Geology as a source of rational amusement — Not pursued by- 
some persons from a prevailing misapprehension — Other 
Populu* Sciences supposed to be more accessible— None 
more attractive — Satisfactory to study it experimentally — 
Its conclusions surprising — ^Tangible proof peculiarly de- 
sirable — ^A portion of this proof easily obtoinable where 
many persons would hardly look for it—Fossils round their 
homes — ^the Flint Pebbles. 

No branch of popular science lias more completely 
£iscinated those who have occupied themselves with it 
than geologjt But it has not recommended itself as a 
source of ratipjiaL amusement to the notice of so many 
persons as it might have done, perhaps, because there 
is a prevdeql i mpres sion that the e xperim ental part of 
it is commonly out of the reach of those who are unable 
to leave home for the purpose of making distant excur- 
sions. The lover of flowers, who has acquainted him- 
self with the elements of botany, is wel l aware that he 
need but walk into the nearest fields, and that he will 
easily find there what will put the knowledge he has 
acquired to the test of practice: he will soon gather 
numerous specimens ; and it will occupy no small por- 
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tion of his leisure time to apply the rules he has learned 
to the investigation of them. To assign to his plants 
their proper place in the system, to find out their 
names, to make himself acquainted with their qualities, 
to prepare them for the hortus siccus, and to lay them up 
for future reference, will furnish him with a pleasing and 
instructive,^gagement not to he very quickly exhausted. 
The entomologist who can devote only an hour or two 
now and then to his favourite study — and it is for the 
henefit of those who are otherwise much occupied that 
this Httle hook is written— knows that he hw not far to 
go to fill his hoxes ; he soon learns that a common, a 
wood, a pond, and the lanes leading to them — ^all of 
which he can look over cmrsorily in the course of an 
afternoon, perhaps — ^will he enough to supply him with 
interesting employment season after season. Nor will 
he he altogether unworthy of the name of a naturalist if 
he only hecome thoroughly acquainted with whatever 
even so small a field of ohservafcion as this will supply. 
But if geology should have attracted his attention, the 
inexperienced student is apt to fear that he can promise 
himself no such satisfetctions as these. His chosen pur- 
suit is one that, in interest, yields to no other whatso- 
ever ; hut the book-shelf and the museum, he thinks, 
must he the limit of his resources, unless he is fortunate 
enough to be master of his own time, and has the com- 
mand of a tolerably deep purse. And yet he cannot 
help feeling that the lover of this science, more than any 
one else, had need be well assured of the facts upon 
which his convictions are to rest. All that has excited 
his curiosity is so wonderful, so different from what he, 
perhaps, and the larger part of mankind, would have ex- 
pected ; there are so many mistaken notions connected 
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with the suhject, so many objectionB alleged against the 
conclusions to which the study of it has led ; that it 
could not be otherwise than peculiarly satisfactory to 
Imn, since he is unable to search into the whole of the 
eztensiye and varied evidence upon which these conclu- 
sions stiuid, to have brought at least a portion of it, 
however small a one, to the test, by thoroughly exam- 
ining and sifting it. 

What is it that he is called upon to believe ? That 
there was a world of living beings, or, in a certain sense, 
a series and succession of such worlds, before the crea- 
tion of man! that the ground on which he at any 
moment treads, and the hiUs which bound his every-day 
prospect, were not placed by the Great Creator as those 
continuing monuments of His power which should endure 
unchanged from the beginning until the end of time ; 
but that as, in obedience to His will, they were raised 
to their present level by the operation of natural forces 
at some former period of the earth's existence, so they 
may sink again at a future time, and leave — as plains 
and hills, upon several occasions within the historical 
period, have already left — a hollow to be filled with the 
waters of a lake, or a gulf to be washed by the tides of 
the sea ! — ^that a considerable proportion of the dry land 
of the globe has been sea-bottom within a compara- 
tively modem period ! — that such has been the case, 
for instance, with the larger part of Europe !-^that 
some of the highest portions of the Alps are within 
the area so lately covered by sea- water ! Most of the 
conclusions which geology brings before him are of this 
startling kind ; and he> and every one, must feel that it is 
not exactly satisfactory to take them altogether upon 
trust. I am told — ^he maybe inclined to say — ^thatthe 

b2 
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beautiful country upon which my eye now rests, ap^ 
parently so firm and immovable, rich with growing crops, 
and adorned with stately trees, was once far beneath the 
waves; that it slowly rose through them; that the 
sterile surface so emerging was doubtless at first taken 
possession of by lichens, and oth^r plants requiring 
little or no yegetable soil ; that it could only have been 
fitted gradually, and in the course of ages, to be a 
suitable residence for the higher animals, and for man, 
as now it is : before I accept all this as truth, I cannot 
but desire to have the evidence of it made palpable, if it 
may be, to my senses : I am scarcely to be satisfied 
unless I can gather up with my own hands, from the 
places in which Mature has deposited them, and examine 
with my own eyes, some of the proofs which, as I am 
informed, she has so carefully preserved to give assur-^ 
ance of such an astonishing series of events as this. 

It was with the design of helping to afford satisfac- 
tion to some of those who feel this want that the follow- 
ing matter was put together. If it should be objected 
that, after all, it is only a very small portion of the 
evidence desirable which is about to be considered, it 
may be answered that it is, nevertheless, conclusive so 
far as it goes ; that it must needs carry conviction, to 
the minds of those who will examine it, of the sound- 
ness of several important geological deductions; and 
that it is all that can be reached, in an experimental 
way, by the persons for whom this little book is de- 
signed. Those who reside in the south-eastern parts of 
England, in the metropolitan and several adjoining 
counties, in localities where they have considered it 
hopeless, perhaps, to look for any proo& of the truth of 
this interesting science, may find the fossils to which 
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ihey are here introduced close at home^ and jet in the 
places where the sea left them. The search for them 
is not difficult; the optical help needed to examine 
them satisfactorily may he procured at the cost of a 
few shillings ; they are highly heautiful in themselves, 
will occupy yery little room in the cahinet^ and are all 
but indestructible. 

It may be proper to remark that the flint-stones con- 
cerning which we are about to treaty however familiar 
they may be to those who are used to them round 
Xiondon as the material of many of the roads, and 
almost all the foot-paths and walks, who know them as 
the prevailing pebble in the gravel-pit, scattered every- 
where upon the surface of the ploughed fields and 
garden-borders, mixed with the soil as they see it 
moved for ordinary purposes, are, nevertheless, con- 
fined to certain districts; abundant in the counties 
nearest to the metropolis, they disappear as you travel 
towards the north-west, and are found dispersed very 
sparingly, on that side of England, beyond the river 
Avon in Warwickshire.^ 

1 Strickland, Brit, Asioc, Reports, 1837. 
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CHAPTEE II. 

Plan of the book to give explanations wherever needfVil — Chief 
truths of Geology, by way of introduction — Table of Foasili^ 
ferous Strata — Explaiiation of it. 

Although it is bj no means intended to treat of geo- 
logy in general in the following pages, but to direct the 
reader's attention to one special spot in that wide field, 
of which, it is hoped, he will be able to obtain a satis- 
factory view, easily collecting for himself the needfiil 
fossils, and thus building up his argument, and resting 
his convictions, upon facts about which he cannot enter- 
tain a doubt ; yet, for the sake of those whose attention 
has not been turned to such studies before, it may be 
desirable to say a few words concerning the leading 
truths of the science, and the manner in which they are 
established. As it is part of the plan of this book, 
however, to give explanations wherever the subjects 
discussed, or the terms used, may seem to require them, 
' it will not be necessary to detain the reader, or try his 
patience, with a great deal of such prefatory matter. 

No one whose curiosity is apt to be awakened by the 
contemplation of natural phenomena can travel in an 
undulating country by a newly-made railway, without 
having his attention fixed by the variety of earths and 
rocks which he will not fail to observe in the cuttings 
through which he passes. Gravel, clay, chalk, sand, 
limestone^ sandstone^ or minerals of rarer occurrence^ 
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may offer themselres to his notice in succession in the 
sloping banks, or upright &ces dose to his eye. 

What does this mean ? These materials appear to 
be arranged in layers one upon another, like the leaves 
of a book. Is this the construction of the earth every- 
where ? Has it been so from the beginning ? Or do 
we see here the result of nature's subsequent operations ? 
Do these beds themselves yield any information upon 
sach points ? 

These are some of the questions which geology 
answers. It replies to many other inquiries, indeed, of 
great practical value for the encouragement of industry 
and enterprise, the development of a country's resources, 
and the advancement of its people in material comfort 
and civilization ; but the &n3t interest felt upon the 
subject will probably be one which will suggest such 
questions as we have supposed. 

Now, an examination of the numerous strata, or 
layers, which are exposed to view in various parts of the 
world, has made it certain that this is the usual con- 
struction of the earth for a considerable depth below the 
surface; that it has resulted from natural causes, for the 
most part stUl in operation ; that this crust of the earth 
is made up of a vast number of beds of greater or less 
thickness, and of varying extent — some being merely 
local, while others cover very large areas — which have 
been thrown down, one upon the other, the greater num- 
ber as sediment from water, but not a few as lava 
streams from volcanic vents ; that, with the exception of 
certain classes of crystalline rocks — granite, gneiss, and 
various kinds of schists or slates — ^which are chiefly seen 
in mountainous districts, and which appear to have been 
formed or altered beneath the earth's surface by the 
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agency of intense heat^ and to have been tldrust up 
afterwards into their present position by the Tolcanic 
forces below^ the whole of the dry land of the globe is, 
more or less, of this sedimentary character, or of molten 
matter which has been poured out from volcanoes, with 
an occasional bed of cinders or dust derived from the 
same source* 

It is further seen that these layers ^ of sediment have 
been deposited in a series of unfailing regularity, so that 
wherever they are found together they always follow 
one another in the same order ; that, inasmuch as each 
set of beds contains the remains of certain animals or 
plants, or of both one and the other, quite peculiar to 
the age in which it was deposited, it is distinguishable 
from all others with perfect certainty, no beds with the 
same characteristic fossils having ever appeared upon 
two different geological horizons, or levels — ^that is, 
higher and lower in the series ; that there has been a suc- 
cession both in the animal and the vegetable kingdoms 
from the very first, some kinds of animals and plants 
dying out, while new species have been created to take 
their place ; and that every fact of the science tends to 
prove that these beds have required a vast length of 
time for their accumulation. 

The reader will now be able to understand the an- 
nexed table of the fossil-bearing strata as they are found 
in the British Islands ; which, with the accompanying 
explanation of it, will be all that is needful for him as 
an introduction to the following chapters, 

1 The words layer and stratum are indiscriminately applied to 
the beds of various kinds of which the crust of the earth is made 
up. Stratum is a Latin word, and signifies ** strewn material," 
just as layer ilsually means that which is laid down in a similar 
manner. 
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Fouilifefwu Strata in chfonologieal order, or order of super- 
position, arranged in descending series, beginning vokh the 
newest, or recent. 



Groupi of Strata, 



1. Post Pliocene. 



I. POST-TSKTIIKT PSKIOS. 

/The more recent of these bedsv 
contain human bones, and^ 
articles fabricated by man 
they represent or mark thel 

i human period. The earlier\ 
haye no human remains ; but/ 
the bones of land animals of] 
certain species 'which are still] 
found idive, and of others' 
which are extinct. 



Shelh. 



All the fossil shells 
•are of kinds which are 
still found living. 



II. TXBTIAKT PeBIOD. 

(Greatly the larger 
part of the fossil shells 
are oi species still 
Uting. 

{A large part of the 
shells are of kinds 
now liying. 

{A small part only of 
the shells are of re- 
cent species. 

(An extremely small 
proportion of the 
shells are of kmds 
ftill in existence. 

III. SXCOKDAKT PSRZOD. 



6. Chalk ... 

7. Green-sand and Wealden .... 

8. Upper Oolite, including the Purbeck 

9. Middle Oolite . . . 

10. Lower Oolite . 

11. Lias 

12. Trias (Upper New Red Sandstone) . 



lY. Pbimakt Pbkios. 

18. Permian, or Magnesian Limestone (Lower Nei 
Red Sandstone) 

14. The Coal 

15. Old Red Sandstone, or Devonian . . . 

16. Upper Silurian 

17. Lower Silurian 

18.* Cambnan and older fossiliferous strata , 



None of the fossil 
shells are of kinds now 
living ; but the strata 
are, nevertheless, dis- 
tinguished by a differ- 
ence in the shells, the 
more ancient kinds 
disappearing, while 
others come into view 
in their stead. 



* Theso eighteen "Groups of Strata" represent geological periods, 
though obviously of much shorter duration than those of the above four 
neat Sections; they are spoken of as the "Pleistocene Period," "the 
Period of the Lower. Oolite," " of the Coal," and so forth. 
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It will be understood from the table that the im- 
bedded shells are taken, next to the order of superposi- 
tion, as the chief means of distinguishing the several 
strata from one another, and of fixing their relative 
age.i This has arisen from the ebcumstance of their 
being far more universally distributed than any other 
kind of fossil, as it was likely they would be in beds 
deposited by water. Shells are also peculiarly valuable 
on account of the very wide range of individual species : 
since deposits of very distant localities, containing the 
same shell, may be thus shown to be of the same age. 
Moreover, the shells of the sea, of the land, and of fresh 
water, can be distinguished from one another. When, 
therefore, they are all three mingled together, as they 
often are in deposits formed fCt the mouths of ancient 
rivers, they show what species coexisted at that time, in 
the sea, on the land,' and in rivers and lakes ; and if 
any of either kind are found — as will probably be the 
case — in company with other fossils, they prove the age 
of these latter also. There is still another reason why 
shells, rather than any other kind of organic remains, 
are selected for fixing the chronology of the strata : as 
species, moUusks have a longer hfe than any other 
animals ; the individual shell-fish may be comparatively 
short-lived, but its kindred continue on the scene a 
very long time. If the same kind of shell which is 
preserved in the Eocene strata is now among the living, 
that species has outlived many other species of animals 
which, introduced afrer it, have died out long before it. 

But we are not to suppose that there are but few 
other fossils except shells. There is an abundance of 
such remains in many of the strata, and the evidence 
^ Sir C. Lyell, Mcmualf p. 115. 
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gathered from them is precisely in agreement with that 
furnished hy fossil shells. Mammals,^ birds, reptiles^ 
fish, crustaceans,^ insects, and zoophytes,^ besides plants 
of various kinds, have all left their traces preserved in 
the rocks ; and from all alike we learn the surprising 
fact that, in the course of ages, there has been more 
than once or twice an entire change of all things living 
upon the earth ; so that those which occupied it at one 
time had disappeared from it at a subsequent time. 
M. Deshayes, a distinguished naturalist, has declared 
tliat, after surveying all the known fossil remains, he 
has discovered five great successive groups, so com- 
pletely independent of one another that no species what- 
ever is found in more than one of them. 

At all events, there can be no doubt that there has 
been a succession of species in the animal and vege- 
table kingdoms ; but we must not hence infer that the 
whole series of fossiliferous beds could be divided into 
groups, whether more or fewer than five, so that each 
group should be independent of the two immediately 
adjoining, above and below it, having no species in 
common with them. Well-ascertained facts render it 
improbable that there were ever gaps of this kind 
separating groups. It is likely that, when the whole of 
the fossiliferous strata are thoroughly known, it may 
prove to be with every group as the table tells us it is 
with those of its two upper sections. A moment's 
examination of that portion of it will show that no set 
of beds is abruptly cut off from those next to it. The 
Pleistocene strata, for instance, which belong to the 

^ Animals which suckle their young. 

3 Animals with jointed shells, as lobsters. 

8 Corals, &c. 
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second section, or Tertiary Period, contain extremely 
few shells which are not found also in the first, or Pl>st 
Tertiary section. There occurred between those two 
periods " no' break or blank ; " " on the contrary, many 
of the existing organisms were contemporary, during the 
morning of their being, with many of the extinct ones 
during the evening of theirs : " the two groups dovetailed 
into one another at a thousand different points.^ 

Still it is to be underatood that the four great periods, 
which are so convenient for classification, are sufficiently 
distinguished from one another by their fossil remains. 
These are seen to depart farther and farther from the 
living forms, in proportion as we descend lower in the 
strata, until it can be said, with reference to the animal 
kingdom of the Silurian group, that its ^' £Eiuna bears in 
all its three great types the stamp of a fashion peculiarly 
antique ; and which, save in a few of the moUusca, has 
long since been obsolete." ^ A few of the shells only of 
the Silurian beds are represented among those now 
living by others generically allied to them, though by no 
means of the same species; while everything else of 
that age is strange and quaint. 

Nothing more need be said here about the groups of 
the Primary and Secondary Periods. It will not be 
necessary to trouble the reader with any further expla- 
nation of the table, so far as they are concerned, 
because they are not touched upon in the following 
chapters. But it is desirable that he should be ac- 
quainted with the chronological import of the names 
adopted in the classification of the beds above them, 
as they will be brought before him again. These were 
called Tertiary^from a Latin word meaning third — 
1 Miller, Testimony ofEoch, p. 122. . * Ibid. p. 58. 
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because they come next above, and are posterior to 
those which, for certain reasons, had received the name 
of Secondary. It was Sir C. Lyell who, in 1828, con- 
ceived the idea of dividing the Tertiary Strata into 
four groups, each characterized by the number of recent 
species it contains in every hundred of its fossil shells ; 
the other kinds, which make up the hundred, having of 
course died out since the beds were deposited. 

He thought that the oldest Tertiary beds yielded 
about 8^ per cent, of species still hving ; that the beds 
next above them in ike series might contain about 
17 in the hundred ; that those still higher, or nearer 
the present time, furnished from 35 to 50 ; and that 
the uppermost strata produced from 90 to 95 per cent. 
of kinds still Hving. 

To these four groups he gave names expressive of 
the proportional number of recent species which each 
contains. 

The lowest he called Eocene, from two Greek words, 
eo8 the dawn, and kainos recent — ^to signify that these 
beds were deposited at the dawn, or first rise of the 
living species of animals of this kind ; all the species of 
mollusks,^ the shells of which are found in the beds 
below these, are extinct. 

The set of beds immediately above this he named the 
Miocene — ^from mewn less, and kainos recent — ^to indi- 
cate that they contain a smaller proportion of recent 
species than the group which comes next in the ascend- 
ing order. 

To this latter, then, he gave the name of Pliocene, 
or Older Pliocene — from pleion more, and kainos recent, 

^ Shell-fish in general. 
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— ^because it yields a proportion of recent species 
greater than does the Miocene. 

To the uppermost of the four groups he applied the 
name of Newer Pliocene, which has been since changed 
into Pleistocene — ^from pleistos the most, — ^because its 
beds furnish by far the largest nimaber of recent species 
in proportion to those which have died out. 

It will be observed that these names refer exclusively 
to the fossil shells which are found in the strata, and 
have no relation to any other organic remains which 
they may contain. 

And ** it may assist the memory of students," says 
Sir C. Lyell, " to remind them, that the Miocene con- 
tain a minor proportion, and the Pliocene a comparative 
j9^urality of recent species ; and that the greater num- 
ber of recent species always implies the more modem 
origin of the strata ^ " 

^ Manual, p. 117. 
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Minute Fossils not less instnictiye than thoso '■bich are more 
conspicuous — Of more importance in the stokta— I^yis built 
of a stone made up of such foasils — ^The material of the 
Pyramids of Egypt not yery different — Strata of a like 
origin hundreds of feet in thickness — Flint Pebbles the 
prevailing stones in the gravel of south-east of England — 
Common mistakes about their history — ^Almost all contain 
fossil remains — ^Apparatus peeded for search, simple — Not 
expensive — ^Best method of finding, displaying, and seeming 
these foBsdls. 

Of the thousands of persons who are going every week 
to wonder^ and with good reason, at the strange forms 
presented to them hj the heautiful models of the fish- 
lizards — icthyomuri — and the more monstrous reptiles 
which are so appropriately placed on andahout the geo- 
logical island at the Crystal Palace at Sydenham, few, 
perhaps, are aware that the pebhles of the gravel-walk 
which leads down to that island contain abundance of 
most perfectly preserved fossU remains, wUch, if they 
are almost infinitely smaller than those which have in- 
1ix)duced the palaeontologist ^ to the knowledge of the 
grim giants which they see represented before them, 
ate not less really marvellous when all the circumstances 
under which they are found are taken into the account ; 
and prove some of the great truths with which geological 
science makes us acquainted, with no less certain de- 
monstration. It will indeed be shown, in a subsequent 
^ A person learned in fossil remains. 
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*, that if we regard the vastness of the monuments 
up by these little creatures, and the importance 
remains they have left as constituent portions of 
tilt? Earth's cr^t, they are beyond all comparison of 
greater interest than the colossal races which attract so 
much more notice. The bones of the latter occur here 
and there imbedded in certain strata; but the very 
i<K,ks themselyes, in mountain masses, owe their ex- 
istence to the former. "Nature," says Ehrenberg, 
" placed these minute organisms^ in individual energy, 
far below lions and elephants, but in their more general 
social influence far above them." Paris is buHt of a 
stone made up of the shells of similar animalcules, and 
the material of the Pyramids of Egypt had a like 
, origin. Existing in countless myriads in seas favour- 
able to their increase, their harder parts can be shown 
to have accumulated, with little addition, to the thickness 
of many hundred feet. However minute in themselves, 
then, they have played a most effective and conspicuous 
part among living creatures ; they have left memorials 
of their existence of the utmost value to the present 
inhabitants of the earth, and of such extent that all 
which remains of the larger animals, when placed beside 
them, and viewed in this light, is insignificant. 

It is no doubt very generally known that of the 
pebbles which occur, whether in the gravel-pit or else- 
where, in the south-eastern part of England, by far the 
greater number are flints. There are stones of other 
kinds — some of them abundant enough — such as sand- 
stones of various sorts, — ^those of a proper size and 
shape being familiar to us as paving-stones in stable 
yards and cellars, — and small rounded pieces of white 
or yellowish quartz, — alabaster stones^ as children mis- 
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takenly call tbem ; for alabaster is a lime-stone, and 
these are silex ; but the conmion flints greatly prepon- 
derate, not a few of them, as we shall show hereafter, 
unbroken, but the majority in a state yhoUy different 
from that in which they appear in their native place* 

It is probable that if persons were asked the history 
of these pebbles, many of them would answer that they 
were a portion of the original materials of the earth ; 
that, for the most part, they had lain as they are from 
the beginning; for that although the labour of man 
had brought some of them up to the surface, yet, by 
digging. deeply enough, &esh ones would be found which 
had not been moved, and certainly had not seen the 
light, since they were called into being. It would be 
thought by others, perhaps, that these stones were 
formed by the infiltration of water into the bowels of 
the earth, somewhat in the way of crystallization, or 
petrifaction, so that the process was for ever going on, 
— ^that stones grew, in short. This last is a very pre- 
valent notion in some places, where persons will point 
out what they call breeding-stones, which are'nothing 
more than masses of irravel cemented tosfether by an 
oxide of iron, or ru8t,^,Wch happens to be pi^seJt in 
unusually large quantities, and which, &om its ferrugi- 
nous colour, is generaUy very apparent. These loose 
conglomerates, when exposed to the action of the 
atmosphere, gradually fall to pieces, and thus, it is 
thought, a supply of pebbles is kept up, the mother- 
lump being formed under the ground, to scatter its 
stony progeny as they are ready to leave it. A little 
examination of the facts of the case will lead to con- 
clusions very different from these, and of no small 
interest. 
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If a common flint of a few ounces weight be broken, 
its semi-transparent^ or at least translucent inside will 
generally present a more or less spotted appearance ; 
the smooth broken surface may be black, or grey, or 
some shade of brown ; but it will ahnost always hare 
white marks about it. These are not uncommonly 
fossil remains. This general name is applied to any- 
thing which^ found in the rocks which constitute the 
earth's crust,^ indicates the former presence of an 
organic body, whether animal or vegetable. The true 
character of many of these white patches, though con- 
sisting perhaps of the remains of minute organisms, 
cannot oftentimes be satisfactorily made out, because 
the entire individuals, and the fragments, are so closely 
heaped and pressed together, that there is no possibility 
of discerning their particular forms. But round the 
edges of these clouds, where the white dust seems to 
have mixed more sparingly with the clear flint, the 
beautiful little fossils may be discovered floating, as it 
were, like insects in amber, or fruits in a clear jelly. 
It is no doubt an inconvenience that, in consequence of 
their being immovably fixed in their resting places, 
they can be viewed, generally speaking, only on one 
side. Very many escape detection in consequence, 
especially by the young beginner, who is not yet suffi- 
ciently well acquainted with their various shapes to 
recognise them in every position. But they occur in 

* In geology the word roch is used for any of the strata, 
layers, or beds into which the earth is divided, whether of hard 
stone, or of less coherent mateiialB. Thus granite, marble, 
chalk, clay, or a stratum of loose sand, are all equally roeJu. 
The eaHh's cnut is that thickness of these strata which is, in 
one way or another, open to our investigations : it may extend 
to eight miles or more. 
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snfiBcient abundance to render thie a matter of little 
consequence. A diligent eearch will not fail of being 
sufficiently rewarded. 

In the Appendix will be given a descriptiye list of 
a considerable number of these fossils, with lithographic 
illu£itrations. At present we will endeavour to explain 
the best methods of finding, displaying, and securing 
them. 

The flints contain a variety of organic remains, some 
few of considerable size, and many that are easily 
enough seen ; but the greater number of those to be 
hereafter described are not upon an average larger 
than the full stop at the end of this sentence. They 
are chiefly very beautifid in form : their symmetry 
cannot be surpassed ; but, of course, it is not possible 
to examine anything so small as they are without the 
help of magnifying glasses. All that is needful in this 
way, however, may be purchased for a few shillings, 
and will be useful to those who are investigators of 
nature generally for many other purposes; indeed, is 
essentially necessary for such pursuits. A botanist's 
double glass, which costs four shillings and sixpence, 
and a Coddington lens, worth from six shillings and 
sixpence to ten shillings, are sufficient; or for this 
latter might be substituted, if the difference of price 
should be an object, a Stanhope lens,^ the value of 
which, in its case, is only four shillings and sixpence. 

Thus furnished, and having procured from the chymist, 

^ If it should be determined to adopt the Stanhope lens, the 
optician must be requested to select one which has as long a 
focus as may be ; in some of these lenses the focus is so near the 
Burfaoe of the glass that there is a continual risk of scratching, 
and so of spoiling them. 

c2 
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for a few pence, a small bottle of Canada balsam, which 
is the best varnish for the purpose, the student will be 
ready to commence the search. 

Although there are few flints which are absolutely 
without fossils, yet some are far better worth his atten- 
tion than others. Those are the best of all, perhaps, 
which, upon a tolerably translucent black ground, have 
somewhat large opaque white spots about them, such 
spots being surrounded by a white dust, floating, as it 
were, in the clear flint. Among these specks there are 
probably many fossils, some of which may be in a 
position favourable for examination. 

A promising flint having been found, care should be 
taken to make the most of it by breaking it up into 
thin wedges, across the fossil spots, by striking it on 
the outside with the edige of a small hammer. As 
smart blows must be given, which will scatter the frag- 
ments, the eyes should be protected by a veil of muslin. 
The flint having been thus broken up, and the pieces 
wetted with clear water to make them more transparent, 
they must be carefully searched over with the double 
glass, and wherever anything is discovered which looks 
like a fossil, a circle should be marked roimd it with 
the point of a pin. The flint having been wiped quite 
dry, the marked spot is to be covered with a thin coat 
of Canada balsam, and it will be ready for examination 
under the Coddington lens. 

The adroit use of this higher magnifying power, 
though by no means a difficult accomplishment, will 
not be attained without some careful practice. Holding 
it by the handle, close up to the glass, between the 
thumb and forefinger, one must rest the ends of these 
fingers on the face of the flint, and thus as firm a 
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position, and as accurate a focus may be obtained, as 
though the whole were fixed in a frame. 

Nothing answers better for the application of the 
Canada balsam than a piece of slate-pencil ground to a 
point : the yamish while jfresh maj be wiped from it by 
means of a piece of wetted paper, or it can be scraped 
off with a knife should it accidently harden upon it. 
Metal is objectionable for this purpose, as even steel 
may leave a mark upon the harder flint, and would 
thus, perhaps, spoil a valuable specimen. 

It will, of course, occasionally happen that the flint is 
so broken as to expose the yery substance of the fossil 
on its surface. This will be known by its white and 
dialky appearance while dry, or from the faintness of 
its outline when wet; it has then absorbed the water. 
In this case the Canada balsam would also be absorbed 
by it, and the fossil hopelessly obliterated. Under such 
circumstances a piece of wetted gum arabic may be 
rubbed upon it, instead of the balsam : it will render 
the flint transparent enough, perhaps, and will certainly 
do no harm, as the fossil will return to its white ap« 
pearance as soon as the gum is dry, 

A very convenient way of mounting the specimens is 
to fix them in a piece of a common wine-bottle cork. 
A slice of the cork should be cut with the top and 
bottom parallel to one another : one cork will generally 
supply three stands. A rectangular notch must then 
be made in the top of the cork, of sufficient width and 
depth, and, the material being elastic, the piece of flint 
may be slipped into it, to be held, at any convenient 
angle, as if it were in a pair of tongs. The flints may 
be trimmed to a suitable size, if placed upon an edge of 
iron, and cut with the sharp end of the hammer. If a 
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fossil should be too deep down in the flint for a good 
view, the thickness may be reduced to any extent by 
rubbing it on a wetted sandstone, such a one as any 
gravel-pit will supply ; or by the help of a blacksmith's 
grindstone, which is a much quicker process. 

But a very abundant supply of fossils may be ob- 
tained under conditions entirely different from those 
already described. Many of the larger flints, upon 
being broken, will be found to have cavities wi^in 
them containing a mealy substance, either loose, or 
adhering, more or less firmly, to the surrounding 
stone. This dust is now and then almost all fossils, 
and is seldom altogether without them. For the display 
of them, however, a peculiar treatment is required. A 
small quantity of the powder must be put into a phial, 
or, which is better, a test-tube, — which the chymist 
will supply for twopence, — and thoroughly, though 
carefuDy, washed. By washing is meant that same 
process which the gold-seekers adopt at the diggings : 
the meal is to be shaken up with several supplies of 
fresh water, which are to be successively poured off 
from it until no milkiness remains, but only the heavier 
sediment which sinks pretty quickly to the bottom. 
It is necessary to separate this residuum again into 
two different parts, the coarser and the finer, or it 
cannot be examined quite successfully. This may be 
done in various ways; but in na manner so readily, 
perhaps, as by means of a piece of a chymist's glass 
tube or pipe, a few inches long, and a quarter of an 
inch or less in diameter. Hold the finger tight upon 
the top of the pipe, so that the air contained in it may 
keep out the water, and lower it down into the test- 
tube until the end of it is just over the sediment. Lift 
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the finger off for a moment^ and the water will rush up 
into the pipe, and bring the sediment with it. Close 
the pipe with the finger again, and the water, and the 
sediment in it, may be drawn from the test-tube toge- 
ther. Suffer the first drop, into which the larger fossils 
will instantly sink, to fall off upon a piece of slate, or 
other smooth substance of a dark colour; and let a 
second drop, with the sediment which comes next, 
deposit itself on a piece of glafis : there will still be a 
finer residuum, but this may be thrown away, as it will 
be beyond the readi of the Coddington lens, that 
beii^ of hardly high power enough for its investigation. 
The larger fossils can be picked out with a needle by 
the aid of the double glass; with the smaller there 
must be a difierent mode of proceeding. Drj the water 
fi^om them thoroughly by holding the glass over a 
candle. Then put some balsam upon one side of an- 
other smaller piece of glass, which should be just large 
enough to cover the whole of the fossils easily, and 
drop it down upon them. With a split cork as a pair 
of tongs, hold the two glasses for a few minutes, in a 
horizontal position, over the flame of a candle, keepin|^ 
them as hot as you possibly can without actually boiling 
^w famiah ; «cnd when cold, if aU has been properly 
managed, the balsam will be firmly set, and the fossils 
in it, between the two glasses, quite transparent. They 
can then be sufficiently well seen with the Coddington 
lens, by holding them up against the light. 

It may be as well to note here, perhaps, that these 
fossils, and those which float in the substance of the 
flint, though of course identical in their origin, — ^we 
speak particularly of the minute shells called foramini- 
fera,' — exist at present, as has been already said, under 
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very different conditioDS. Jn one case— -that of the 
solid flint — ^we see nothing but a cast of the interior of 
the shell in some white substance — chalcedony pro- 
bably: in the other we have a substitute, either in 
carbonate of lime, or flint, or partly one and partly the 
other, for the shell itself, — a cast of the shell, indeed. 
In the imbedded fossil the cast of the shell, although it 
is certainly there, is often invisible ; for it is as trans- 
parent, generally speaking, as glass : in that from the 
flint cavity, on the other hand, the matter which has 
taken the place of the shell is seldom very clear, and 
it is occasionally filled with a substance of a darker hue. 
In this condition, when mounted between glasses, and 
viewed as a transparent object, it is sometimes highly 
beautiful, exhibiting the peculiarities of its structure in 
n remarkable manner (see Figs. 14, 15, and 17, PL III.). 
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CHAPTER lY. 

Native place of these flint pebbles — The chalk — Contains layers 
of flints — ^With the same fossils — The chalk flints difler in 
appearance from the pebbles — Chalk flints rolled into similar 
pebbles on sea-shore — Coating of the pebbles caused by 
decay— This proved by Hertfordshire pudding-stone — ^Pure 
quartz does not decompose like common flint — Larger fossils 
in gravel-pits — ^And unrolled chalk flints among gravel — 
Co^rm the fact that flint pebbles come from chalk — ^They 
obtained their fossils fi'om the chalk — Which is in great part 
made up of such remains — Origin of flints in chalk — Decom- 
position of felspar — Hot springs holding silex in solution— 
The geysers — Difficult question — Does not concern our 
argument. 

Having satisfied ourselves of the existence of organic 
fonns^ in considerable number and variety, under cir- 
cumstances of such little promise as those in which we 
have now seen them, — for we could hardly expect to 
find the remains of living creatures in the inside of a 
flint-stone, — we shall be cmious to learn whence they 
came. 

Most persons, perhaps, have seen a chalk country, — 
a district in which the subsoil is chalk. This part of 
the cretaceous formation — chalk, properly so called, — 
which attains in some places a thickness of many 
hundred feet, may be separated into two great natural 
divisions, the upper and the lower chalk. Of these the 
upper is much the softer : it is this which is used as a 
material for writing upon school boards, and for other 
similar purposes. This upper, or soft chalk, is found 
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marked out into strata, as it were, by layers of flint. 
Sometimes this flint, which is usually only a few inches 
in thickness, occurs in an unbroken sheet ; but its pre- 
vaiHng condition is that of nodules, — Slumps of a more 
or l^ss rounded form; though ofiben of a shape so 
iiTOgular and grotesque as to have made them a fa- 
vourite ornament in cottage gardens, where they may 
be seen, neatly whitewashed, as edges to the flower- 
borders (see Fig. 63, PL XII.). If these chalk flints 
be broken, we shall And the inside of them agreeing 
with the pebbles of our smrfaoe soil and grayel-pits, not 
only in general appearance, but in fossil contents : we 
shall see in them the same animal reiiCiains, in the same 
condition, and in the same relative proportions ; those 
species which are the most commcm in the stones with 
which we are so familiar, being likewise most abundant 
in the chalk flints. In short, we cannot entertain a 
doub4 that the one kind of stone has some close relation 
to the other. In outward aspect, indeed, they, for the 
most part, difler greatly. The flint from the chalk-pit 
is not unfrequently of considerable size and weight; 
often throws out arms, or divides into • fock; haa 
depressions and protuberances about it not altoge^ior 
unlike those of a kidney potato ; and is covered with 
a thick coating of uniform chalky appearance. Our 
ordinary pebbles, on the contrary, are chiefly compact, 
egg-shaped stones (see Fig. 62, PI. XII.), of a much 
smaller size, having a coating, indeed, but by no means 
always of one colour; and are either marked with a 
multitude of scars and scratches, greatly resembling 
one another in all instances, as though resulting from 
some one similar cause ; or else, if they are quite small, 
are smoothed and polished. 



G^logy in the Garden, 27 

I^ow it so happens that^ on several parts of our 
coast-^in Sussex, Kent, and Norfolk, for instance — ^the 
sea is undermining the chalk difSs, and breaking up, 
and grinding, «nd polishing the flints which fall out of 
them, according to their sixe, the heavier pieces being 
roughly scarred on the outside bj the weight of their 
fall as the breakers throw tliem over, while those which 
are so small as to be moved \fj the lesser waves, are 
more gently roUed about until they «re quite smooth ; 
and no one can watch the process without seeing that 
the pebbles which are thus manufactured are identical 
in almost all their outward characteristics with thoM 
which are so prevalent inland. In this respect alone 
they are dissimilar, that the newly-rolled stone, although 
shattered on the outside like the others if of larger size, 
and polished if it happens to be quite small, has no 
coating whatever; when broken, it is alike in colour 
and appearance right throu^ its substance ; while the 
pebble of the gravel-pit is surrounded by a rind, aa it 
were, of a colour different from that of the rest (^ the 
stone. This circumstance is easily accounted for, how- 
ever. Flints, although made to endure a long while, 
are by no means imperishable. Silex, or flint in its 
purest state, continues unaltered for ages. We are 
famOiar with this in the case of the small rolled pieces 
of white quartz which are everywhere associated with 
our flints : they have no coating, that is, there is no 
visible tendency in them to decay. But conmion flints, 
when exposed for a great length of time to the influence 
of the weather, gradually perish. This is the meaning 
of their faded-looking outsides as we see them in the 
gravel ; they are in process of decomposition. They 
are not pure flint ; they contain metallic oxides — ^iron. 
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or manganese, or alumina ; or else lime, or bituminous 
matter/ in various proportions ; and so they are easily 
acted upon by the water which soaks into them, and, 
in the course of time, are resolved into their elements. 
The bands of colour — ^red, yellow, or brown, — ^which 
are often to be seen in flints, are only an indication of 
the same thing : they are being gradually decomposed. 
That such is the case may be easily proved. There is 
a very commonly-occurring conglomerate, called Hert- 
fordshire pudding-stone (see Fig. 58, PI. XII.). It 
consists of small rolled flint pebbles and sand, held 
together by a siHceous cement. It is not a very un- 
usual thing to meet with pieces of this hard conglome- 
rate which have themselves been subjected to the action 
of moving water, and rolled into boulders. The general 
surface is shattered and scarred, like any other water- 
worn stone, and the whole outside has the ordinary 
indications of decay. If now such a mass be broken, 
so that some of the contained pebbles are set free from 
the paste in which they are fixed, they wiU be often 
seen without any appearance of coating ; they wiU be 
found to be as fresh on their outsides as those just 
rounded by the waves on the sea-shore. They have 
been effectually protected from the weather, and have 
at present no apparent tendency to decomposition. The 
same fact is exemplified when crystals of quartz happen 
to be exposed on the outside of a decaying flint, which 
is a sufficiently common occurrence. They remain 
unchanged, reflecting all the sun's rays as brilliantly as 
ever, while the surface on which they were formed, not 

^ The dark colour of flints is owing to some such substance of 
organic origin. Dr. Turner, Edinb. New Phil. Joum. vol. xv. 
p. 254. 
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being pure flint, is obviously perishing, " In quartz, 
or rock crystal, which is pure silex, and in other regu- 
larly crystallized bodies," says Sir D. Brewster, *' their 
molecules or atoms imite in virtue of regular laws, 
the pole of one atom imiting with the similar pole of 
another. Such substances, therefore, do not decompose 
under the ordinary action of the elements. The lens of 
rock crystal, for example, found by Mr. Layard at 
Nineveh, is as sound as it was many thousand years 
ago, when in the form of a crystal." The difference, 
therefore, between the flint now being rolled on the 
sea-beach, and that which is picked from the surface 
inland, is simply that the one is recently ground, and 
the other is weathered. 

Our gravel-rpits themselves afford sufficient confirma- 
tion of the fact that their contents are chiefly &om the 
siliceous layers in the chalk. Here may be found 
flints, with impressions of such shells or other organisms 
upon them, as are well known to be common in the 
chalk flints (see Figs. 69, 61, and 62, PL XII.). Other 
fossil remains, having the same origin, are scarcely less 
common« At Fig. 54, PL XI. is represented an echi- 
nite — a fossil sea-urchin — the Ananchytes ovatits, 
broken out of a flint from the gravel -pit. On the side 
where the fossil was exposed — as at a — ^it is water- 
worn, like any other pebble; while on the opposite 
side — at h — where it was covered by the flint since 
broken away to display it, all the delicate raised lines 
and studs are quite uninjured, and it is at once seen 
to be a common chalk fossil. Ventriculites again, or 
fossil mushrooms, as they are called in some places (see 
Figs. 48, 49, 50, PL XL), are equally abundant in the 
chalk strata, and wherever the flints of the chalk may 
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be scsDttered ; but ibis point will be further illustrated 
in the Appendix. 

To complete this part of the evidence it need only 
be pointed out that the grayel-pit and surface soil, 
though in the midst of a clay country of forty miles 
across, perhaps, will furnish thousands of unrolled and 
unbroken flints, in no respect differing from those of 
the chalk (Fig. 63, PL XII.), except that their original 
white coating has become stained, more or less deeply, 
with the ochreous colour of the gravel, or with the 
darker hue of the vegetable mould in which they have 
been imbedded. It may be concluded, without any 
hesitation, then, that the fdnts from these very different 
localities had the same origin. 

But whence have they obtained the minute fossils 
which, as we have seen, make part of their substance ? 
Any one can procure a small piece of common chalk ; 
and no kind is better for the purpose than the soft 
chalk used by carpenters, or in schools, for marking on 
boards. Having soaked it for a few days, let him 
gently brush it under water, and wash the resulting 
sediment, and proceed with it precisely as was directed 
at p. 22, in the case of the dust from the flint cavity. 
His examination, whether of the larger grains, or of 
the finer particles, will leave no doubt upon his mind 
that he has found the great depository of his fossils : 
the chalk abounds with them. It has often been 
affirmed that this vast formation of white limestone is 
nothing but a heap of fossil remains of manne creatures, 
either whole or in a fragmentary state. And it is 
probably true, if in the latter phrase is included that 
portion of those organisms which has passed through 
the bowels of fish, mollusks, or marine worms. At 
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PI. VII. Figs. 39 and 39 c, are ^ven two representa- 
tions of the field of the microscope, magnified about a 
hundred diameters ; Fig. 39, with the dust from a cavity 
in a flint from the gravel-pit ; and Fig. 39 c with chalk ; 
in either case the mere shapeless fragments are omittied. 
A glance will suffice to convince any one that the fossils 
from these two sources are the same, although the 
conditions in which he sees them differ considerably. 
Those from the chalk are casts of the empty shell in 
carbonate of lime ; for the shell itself has disappeared, 
and its place has been taken by this substance : in those 
from the hollow flint, siliceous matter, probably, repre- 
sents the shell, and flint of a different colour— chadce- 
dony, perhaps, — ^has filled up the interior ; occasionally 
they are altogether, or in part, made up of lime, like 
those from the chalk. 

The Figures in Plates VIII. and IX. which have a c 
besides the number, represent fossils from the chalk 
corresponding with those from the solid flints which, in 
Plates II. III. and VI. have the same number without 
the G : the same number shows the same animalcule, 
from one source or the other ; so that a frirther com- 
parison may be easily made, and their identity recog- 
nised. It should, however, be borne in mind, that the 
outside of the shell and its interior must needs differ 
somewhat in appearance, the thickness of the two walls 
occasionally reducing its width much more in proportion 
than its length. Some of the individuals figured are, 
moreover, of larger growth in the one case tlian in the 
other, as, in these instances, we have no specimens of 
exactly the same size. Indeed, it will be readily under- 
stood that, in the case of the fossils immersed in flint, 
which are not always easily discovered, the full-grown 
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are those which more quickly catch the eye ; and hence 
it will happen that the specimens so collected will be, 
on the average, larger than the same species fomid in 
the chalk. 

We shall, of com-se, wish to know the orjgin of the 
flint in the chalk, and under what circumstances it 
enveloped, and oftentimes converted, as it were, into its 
own substance the organisms of which it laid hold ; for 
it will be found that, not only many of the fossils which 
are inside the flints, but some of those which adhere 
loosely to their white outside coating, have parted with 
their lime, and have appropriated siliceous matter in- 
stead. These are questions which have been answered 
in different ways — answered conjectm-ally; for no satis- 
factory proof haa as yet been offered to show that any 
of these solutions of the difficulty is the right one. 

That flint, in some condition in which it has been 
often present in the water of the sea and elsewhere, 
has a tendency to replace other matter in decaying 
organized substances, there can be no doubt. Casts of 
shells and corals in flint are conmion ; silicified trunks 
of trees are abundant in many places ; and the num- 
berless echinites, ventriculites, and sponges of various 
kinds, supplied by the chalk strata, in which silex has 
preserved the form of these several organisms, while 
their original -substance has wholly disappeared, make 
this fact plain to every observer. Wlien a cast in flint 
is spoken of, however, it must not be understood that a 
mechanical operation, like the pouring of molten metal 
into a mould, is always meant* The phrase is often 
used to express a chemical process, in which an organic 
substance being removed, particle after particle, by 
decomposition, a mineral takes its place in the same 
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order, Being deposited from a BimultaneouBlj decom- 
posing solution, perhaps. In this way it is not thought 
difficult to account for the fossil forms in which the 
flint is found. Some geologists and chymists, indeed, 
suppose that chalk flints in general are zoophytes thus 
fossilized hy silica; and that the more carefully the 
flint nodules are examined, the more frequently will 
traces of organization he found in them. To the truth 
of this latter ohservation of Dr. Turner any careful 
observer will bear testimony : a very considerable pro- 
portion of these stones afford manifest proof that they 
have been gathered round sponges and other organisms 
of that kind. 

But there still remains the difficulty of accounting 
for the presence of the silex in the sea-water under 
such circumstances as would be likely to have produced 
all the effects observed. The flint, it is to be recollected, 
is not diffused equally through the whole mass of chalk, 
but occurs in beds usually from two to four feet or 
more apart, the intervening stratum of chalk having 
only an occasional ffii^t in it. In some few localities 
large urn-shaped ffints, called pot-stones, form an ex- 
ception to this rule, as they are continued perpendi- 
cularly, looking something like a jointed column, from 
one layer of flint to another. But, generally speaking, 
the courses of flint are perfectly unconnected ; and, if 
one of them were to be laid bare, it would present an 
appearance not very much unlike an ordinary pavement 
of boulder stones. 

It is certain that rivers draining countries in which 
that very prevalent substance felspar is undergoing 
decomposition — ^and it decomposes rapidly under certain 
conditions — must bring down to the sea enormous 
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quantities of its silex in solution; and organic sub- 
stances in a decaying condition might cause it to be 
deposited in tbe manner intimated abore. But this 
hypothesis does not account for a periodical prevalence 
of silex, or for its deposition at intervals. It has been 
suggested, therefore, that the layers of flint are due to 
the occasional outburst of hot springs, holding large 
quantities of this mineral in solution. That many such 
springs yield silex in abundance is very well known. 
The Geysers of Iceland are a familiar instance. The 
largest of those strange fountains plays in a spacious 
basin of flint, fifty-six feet in its greatest diameter, 
which occupies the top of a circular mound of the same 
material, the whole of which has insulted from siliceous 
incrustations deposited by the water as it has evapo- 
rated. We will conclude with a quotation upon this 
obscure subject from Sir Charles Lyell's Manual. 
'Having observed that the origin of these layers of flint 
is " difficult to explain,'' and that " no such siliceous 
masses are as yet known to accompany the aggregation 
of chalky mud in modem coral reefs," he says, " Some 
portion of the flint may have been derived from the 
decomposition of sponges and other zoophytes provided 
with siliceous skeletons ; for it is a &ct that siliceous 
spicula, or the minute bones of sponges, are often met 
with in flinty nodules, and may have served at least as 
points of attraction to some of the siliceous matter when 
li was in the act of separating from chalky mud during 
the process of solidification. But there are other copious 
sources whence the waters of the ocean derive a constant 
supply of sUex in solution, such as the decomposition of 
felspathic rock, also mineral springs rising up in the 
bed of the sea, especially those of a high temperature ; 
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fonce the waters, if chilled when first mingling with the 
sea, would readily precipitate siliceous matter. Never- 
theless, the occurrence in the white chalk of heds of 
_nodular ariff tahular flints at so many distinct levels^^. 
implies a periodical action throughout wide oceanic^ 
areas not easily accounted for. It seems as if there 
had heen time for each successiye accumulation of cal- 
careo-siliceous mud to hecome partially consolidated, 
and for a re-arrangement of its particles to take place 
(the heavier silex sinking to the bottom) before the 
next stratum was superimposed; a process formerly 
suggested by Dr. Biickland."^ 

It may be here observed, however, that these ques- 
tions do not at all concern our argument. In whatever 
manner the flints were formed in ^ chalk sea, it isy'> 
certain that there they were formed, v The inqmry we 
have to answer is. How did they make their way from *^ 
the chalk strata to the distant localities in which we ' 
find them ? 

^ Manuaif p. 244. 
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CHAPTEE V. 

The chalk formation — Its extent in England — ^A marine deposit 
— ^Whole area of chalk originally under water — Since up« 
heaved — Chalk strata greatly disturbed — ^Extensively washed 
away — ^This exemplified in the Weald of Sussex — Flints of 
eastern counties not from Weald — ^Disputes among geologists 
much exaggerated. 

If we next turn our attention to the present aspect of 
the chalk formation^^ we shall have ahundant reason to 
think that that great deposit has heen so much dis- 
turhed by a power which has been at work beneath it, 
and acted upon by water in motion on its surface ; we 
shall be convinced that such vast masses of it have been 
swept away, and carried we can only conjecture whither ; 
that we need not be surprised at finding its flints broken 
into fragments and rolled into pebbles, as they are now 
to be seen, in the districts which have been indicated, 
mixed with the surface soil and in the grarel-pit. We 
shall still have to account for their presence, in an 
unbroken and unrolled condition, so far off the chalk 
as we continually meet with them in that state ; but, 
however many of them may occur with the marks of 
violence about them, we shall be at no loss to determine 
the nature of the force by which they were shattered 
and rounded ; since the breakers on our coasts, as has 
been already observed, are working exactly the same 
effects at every moment of time. 

^ A formation is an assemblage of rocks or strata which have 
some diaracter in common. — Sir C. Lyell, Manual, p. 8. 
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If we take a map of England, and draw a line from 
about Bridport, in a nortb-easterlj direction, through 
Blandford, Marlborough, Wendover, Hitchin, Milden- 
hall, and so to Hunstanton on the Wash in Norfolk^ 
we shall find that nearly the whole of the country to 
the east of it, comprehending the counties of Suffolk, 
Essex, Middlesex, Kent, Surrey, Sussex, and Hamp-> 
shire, almost all Norfolk, Hertfordshire, and Dorset- 
shire, and parts of Cambridgeshire, Bedfordshire, 
Buckinghamshire, Oxfordshire, Berkshire, and Wilt- 
shire, has chalk on the surface, or within a certain 
moderate depth beneath it. Throughout that widd 
region, with the exception of what is called the Wealden^ 
or Weald Valley, — a considerable tract, extending over 
parts of Kent, Surrey, and Hampshire, and almost all 
Sussex, — chalk is one of the strata of which the earth's 
crust consists^ rising for the most part, wherever it 
reaches the surface, into elevated downs, and not unfre- 
quently into lofty hills, some of which attain a height 
of from eight hundred to nearly a thousand feet above 
the level of the sea. 

Now that this chalk is a marine deposit, its consti- 
tuents abundantly prove. That this whole country, 
then, was once beneath the waters of the ocean is 
manifestly certain. Whether the level of the sea was, 
at one period of the earth's history, very much higher 
than it is now, or whether this vast mass of chalk has 
been raised up out of it, sure we are that salt-water 
once covered it all ; for it is itself the produce of an 
ocean, in which alone the animalcules, and other crea-> 
tures of whose remains it consists, could have lived and 
multiplied. While geology was in its infancy, the 
opinion was general among those who inquired into such 
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matters,^ that the waters of the earth had been so much 
lowered, by some means or other, that entire continents, 
which had once been altogether submerged, were left 
dry. Not being aware that volcanic forces were actually 
in operation, sometimes under their own feet, and were, 
hoyever dowly, upheaving or letting down extensive 
areas of the solid crust of the earth, with all their 
inhabitants upon them, it seemed, they thought, more 
reasonable to account for what they saw by supposing 
that the water had subsided, than that the earth had 
been upraised. But then they were utterly imable to 
conjecture whither this enormous volume of water had 
retired. Shells, and other nuuine remams, were found in 
profusion even to the very summits of lofty moimtains. 
The whole, therefore, must have been covered at least 
to this height ; for water cannot do otherwise than find 
its own level What could have become, then, of so 
vast a body of it as this ? Imagination was altogether 
baffled while attempting to account for its disappearance. 
As soon, however, as this insuperable difficulty was 
avoided by supposing that the height of the land had 
VJEiried, while the water had alwavs maintuned the 
same level, geologists perceived that it was now easy 
to accoimt, in a simple and natural manner, for other 
phenomena by no means satisfactorily expired under 
the former hypothesis. It had been ascertained, upon 
unmistakable evidence, that in many places the earth's 
surface had undergone repeated changes ; that an area, 
for instance, which was once covered by the sea, had 
been subsequently dry land, then the mouth of a tidal 
river, a second time sea, and then again laid dry, — 
having remained in each of these successive conditions 
1 Sir C. Lyell's Elements, chap. v. 
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for some considerable space of time. TEere was no 
difficultj in miderstanding these appearances upon the 
supposition of changes in the height of the land over 
these limited areas ; while, under the other theory, it 
was necessary to inundate the whole globe with salt- 
water, and drain it off again, more than once, to 
account for the fluctuations which had occurred in any 
such locality; and, moreover, to repeat this process, 
over and over again, at very different periods in the 
earth's history ; for a like series of changes had cer- 
tainly happened several times, with intervals of immense 
length between them. 

It was further seen that^ although the beds of sand 
and shells, and other marine deposits, were occasionally 
horizontal, as water would usually leave them, they were 
more commonly tilted, and inclined at various angles to 
the horizon ; or bent and folded; or set vertically upon 
their edges ; in short in almost any position rather than 
that in which they would have been strewn at the 
bottom of the sea. Such disturbance of the strata was 
quite in agreement vrith local movements of the earth's 
crust by volcanic forces acting beneath it; while it 
could not have been brought about by any rise or 
fall in the level of the waters on its surface. '' Geolo- 
gists, therefore," says Sir C. Lyell in his Manual,^ to 
which we ore indebted for the chief part of the facts and 
arguments of this chapter, <' were at last compelled to 
. have recourse to the doctrine that the solid land has 
been repeatedly moved upwards or downwards, so aa 
permanently to change its position relatively to the sea. 
There are several distinct grounds for preferring this 
conclusion." He then points out that it agrees well 

1 Chap. V. • 
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enough with the position of those elevated masses of 
marine origin in which the stratification remains hori- 
zontal. Such^ for instance, are the strata met with in 
the south of Sicily, filled with shells for the most part of 
the same species as those now Hying in the Mediterra- 
nean, hut raised at this moment to the height of more 
than two thousand feet above its level. Such again is 
the Table Mountain at the Cape of Good Hope, where 
stratifiefi sandstone, no less than 3,500 feet in thick- 
ness, maintains a perfectly horizontal position: and 
many other well known examples of the same kind 
might be cited. It is true that a lowering of the ge- 
neral level of the sea would be equally consistent with 
these appearances: but they are not inconsistent with 
the other hypothesis ; since elevatory forces, acting uni- 
formly throughout large areas, as they certainly do act, 
would upheave the strata without altering the position 
in which they were deposited. While, on the other 
hand, the sinking of the water would offer no explana- 
tion of the still more prevalent phenomena of marine 
beds strewn horizontally, now broken, inclined at various 
angles, curved, and even set on end, which is by no 
means a very unusual circumstance. A moment's in- 
spection of such a disturbed region would convince any 
one that the contour of its surface must have been 
greatly altered while it was subjected to the violence of 
which so many marks are apparent. There is no kind 
of proof, again, that the sea has ever undergone a change 
in its level in any region whatsoever ; while it is well 
known that the land has experienced upheaval and de- 
pression in many places since the advance of science has 
qualified observers to ascertain the &ct beyond the 
possibility of doubt. 
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' It would, perhaps, be more satisfactory to the reader 
who may be uninformed upon this interesting subject, if 
some evidence were adduced of the validity of the last 
reason here assigned for preferring the hypothesis of 
the instability of the land to that of a rise and fall in the 
level of the water. Such changes, then, are actually 
now in progress upon a large scale, and in one re- 
markable instance at no very great distance from us. 
Alterations in the relative height of the land and sea 
have long been observed in Sweden. The earlier in- 
quirers into this strange fact, more than a century ago, 
were of opinion that the waters there were gradually 
subsiding. But proof was subsequently obtained, to the 
conviction of all those who have inquired into the mat- 
ter, that the land is, and has been for ages, slowly 
rising towards the northern end of the Baltic, and sink- 
ing, though not at the same rate, towards the south of 
it. For a long time fishermen and pilots, well ac- 
quainted with the coasts of Norway and Sweden, had 
agreed in declaring that the islands, and rocks, and 
shoals, with which their daily avocations made them 
most familiar, were experiencing a gradual change. 
This prevalent opinion led to the investigation of the 
matter by properly qualified men of science : the rocks 
were marked, and after the lapse of a sufficient time 
re-examined, when the popular conviction proved to be 
well founded* And it is now universally recognised as 
an established fact that a tilting of the land is going on 
there ; that while it is rising towards the north, it is sink- 
ing towards the south ; and that the elevatory movement 
has amounted in some places to several feet in the 
course of a century. Other appearances, which of old 
favoured the notion that the water was diminishing, are 
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evidently corroboratiye of this coDclusion ; and prove at 
the same time that the upheaving force has heen active 
in that region for a long period. Shells of the kinds 
still inhahiting the Baltic^ and the ocean on the opposite 
side of the country, are found inland in abundance, begin- 
ning at the water's edge, and rising to the height of one, 
two, and even four hundred feet and more above the 
present sea-level, and extending to a distance of seventy 
miles from the coast. Under circumstances which have 
afforded them protection from the destructive influence 
of the atmosphere, the barnacles still adhere firmly 
to the upraised rocks, to which they had most certainly 
affixed themselves when those rocks were beneath the 
waters of the sea. The upheaval of the land in that 
quarter is thus made plain, therefore. Very wide tracts of 
the South American continent have also experienced 
like upward movements ; while the west coast of Green- 
land, for a distance of more than 600 miles from north 
to south, has, during some hundreds of years, been 
losing height. An extensive area of the floor of the 
South Pacific Ocean is also now sinking. This is made 
evident by the peculiar construction of the circular coral 
islands enclosing lagoons so well known there. These 
owe their singular form to this gradual subsidence, the 
coral-producing animals, as is their nature, keeping the 
outer edges of the islands built up to the surface as fast 
as the bottom of the ocean sinks. Slight changes of 
elevation caused by earthquake shocks are of such fre- 
quent occurrence in various parts of the world that 
instances need not be adduced. But it is important 
to recollect that this very usual kind of movement, 
however small the effect of it might be upon each 
occasion, if it were repeated at intervals through such 
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vast periods of time as geology teaches us to contem- 
plate, would be quite sufficient to disturb and fracture 
the strata, and to raise the surface of a particular region, 
to almost any extent.* 

We can hare no difficulty, then, in concluding that 
the chalk has been upheayed from the ocean, amidst the 
waters of which it was accumulated ; for the elevation 
and depression of the earth's crust may be regarded as 
happening in the regular course of nature. The curved 
and dislocated condition of the beds of this particular 
formation, visible in many places, renders it obvious that 
it has been subjected to great violence from below. Sir 
K. I. Murchison speaks of them as exhibiting much 
contortion, and as being broken up in numerous locali- 
ties along the range of the South Downs, as though they 
had been thrown about and shattered by powerful earth- 
quakes.^ A well-known instance, in the region to which 
he directs attention, is that of the Coomb, near Lewes. 
Section I., originally given by Dr. Mantell, will help to 
explain the nature of such disturbances. The Coomb, 
c, is a narrow ravine, with a flat bottom, ascending 
between two chalk hills. It is found to coincide with a 
fault, or line of frticture in the strata, which is in &ct 
the origin of it. While on one side of this chasm the 
upper and lower chalk, a 5, maintain their relative posi- 
tion, and are still almost horizontal — as may be seen by 
the ffint courses of the upper chalk — on the opposite 
side the upper chalk and flints are at the bottom of the 
hill, and the strata are set nearly on end. Phenomena 
of this kind speak for themselves. 

But it was said that we need not wonder at finding the 

^ Sir C. Lyelly Manual, chap. v. p. 46. 
* QvxMi, Jowm, Geol. Soc. No. 29, p. 370. 
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chalk flints broken and rolled^ and removed to great 
distances from their original position, because it is cer- 
tain that extensive tracts of the cretaceous formation 
have been subjected to the erosive power of moving 
water ; and that vast masses of it have been thus worn 
down, and carried away, to be redeposited wherever 
they could find a suitable resting place. We cannot 
have a more striking exemplification of this process 
than is furnished by tiie various appearances exhibited 
in the Weald Valley. (See Map I.) This is a wide 
extent of country, crossed by the railroad from London 
to Brighton, surrounded on all sides by chalk hills, 
except towards the south-east, where, between Dover 
and Beachy Head, it is bounded by the sea. It com- 
prehends, as has been already mentioned, almost the 
whole county of Sussex, with parts of Kent, Surrey, 
and Hampshire. The two ranges of chalk hills called 
the North and South Downs mark its limits on its 
northern and southern borders respectively, while sweep- 
ing round its western extremity they meet not very far 
from Petersfield in Hampshire, making the circuit of 
chalk at that end complete. It is, geologically consi- 
dered, one valley — a valley of elevation, or denudation ; 
because, being the result of one upward movement, or of 
a series of such movements, and of the denuding power 
thus rendered effective, the real rim of the trough is but 
one, namely, the chalk hills which enclose the whole ; 
but, nevertheless, to the traveller who crosses it from 
side to side, it presents a succession of hill and dale, the 
intervening heights being in some instances equal to 
those of the chalk itself, into the place of which they 
were thrust up, after the water had washed it away. 
The Map. I., and the Sections II. and IH., will perhaps 
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make the geological structure of this remarkable dis-> 
trict more intelligible. It will be seen bj the Map that 
the strata 2, 3^ and 4^ beginning with the chalk (2) 
of the North Downs near Dover^ are continued round in 
concentric curves until they reach the coast again near 
Beachy Head, which is the terminating point of the 
South Downs. This regular arrangement of these 
several rocks is easily accounted for. They were ori- 
ginally thrown down one upon another as sediment 
from water, the chalk (2) a marine production — ^being 
the top, or newest stratum, while the Hastings Sand 
(5) deposited. first, and from fresh- water, is the oldest, 
and, of course, the bottom of the whole. Having been 
thus regularly strewn, in a succession of horizontal 
layers, ihQ volcanic forces underneath, which have left 
so many other proofe here as elsewhere of their former 
activity, upheaved the vast accumulation, which rose in 
the form of a dome until it came within the influence 
of the waves on the surface. The strata were then cut 
off one after the other by the ceaseless motion of the 
water, the loosened materials being washed away to be 
dropped again in deeper, and therefore quieter places.^ 
By this means the edges of the beds were exposed in 
a concentric arrangement, — just as would be the case 
with the coats of an onion from which a slice had been 
cut, — ^until the lowest bed — ^that of the Hastings Sand 
— escaped from the erosive power, by rising above the 

^ The agitation of the water caused by the wind — ^the wind 
wave— reaches to a comparatiyely small depth only ; so that the 
heavier matter which the sea removes from a coast on which it 
is preying, generally finds a depth near at hand in which it can 
again settle it«elf. If, however, it should come within the in- 
fluence of a sufficiently powerful ocean current, it may be trans- 
ported to a much greater distance. 
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wares before thej had had time to make so much 
impression upon it. 

Section II. — from Sir R. I. Murchisonji — exhibits 
the position of the strata at the upper part, or begin- 
ning of the Weald Valley, to the west of Petersfield, 
where it is about four miles wide. A glance at it will 
be sufficient to convince any one that the several beds, 
— ^the chalk, upper green-sand, and gault, — so abruptly 
cut off on each side, were once continuous across the 
gap. The erosion here, at its commencement, reached 
no deeper than to the lower green-sand ; but it will be 
noticed that the strata above that were entirely washed 
away. As the valley extends towards the east it widens 
rapidly (as is shown in the Map), the extreme points 
being forty miles apart; and the lower beds are seen 
to have been similarly dealt with, as they rose to the 
surface one after the other. 

Section III. exhibits the order in which these severed 
strata present themselves to the traveller who crosses 
the Weald Valley from north to south, as he would do 
between London and Brighton. It happens that they 
are alternately of hard and soft materials. The con- 
sequence of which accidental arrangement is that hill 
and dale follow each other in regular succession ; for 
the harder rocks, offering the greatest resistance to the 
dash of the water, would, of course, be left in greater 
prominence. Aft;er gradually ascending for a consider- 
able distance, he will find himself at the top of the 
North Downs, consisting principally of chalk, the upper 
part having the usual regular courses of flints. The 
descent into the vaUey is rapid, being just such as 
would be produced by the disintegration, or crumbling 
^ Qttafl J(mm, QeoL Soa No. 29. 
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down, of a sea-cliff, exposed for ages to the influence 
of the atmosphere. An upright fiEkce of soft chalk, such 
as it is supposed was, left here hj the sea, could not 
stand one winter without yielding a portion of its sur- 
face, more or less, to the action of the frost and rain. 
This matter would find its way to the bottom, and would 
begin to accumulate at the foot of the precipice. In 
the course of ages the talus, or slope of loose materials, 
would rise sufficiently high to reach the upper edge of 
it, now lowered and rounded down by the same (tisin- 
tegrating causes; and thus the descent from top to 
bottom would no longer be perpendicular, but at such 
an angle as was required for the permanent rest of the 
heap. A process, in some slight degree similar to this, 
is going forward with great rapidity on the sides of 
more than one of the railways within twenty miles of 
London. Wherever the strata are of a soft and yielding 
nature, the artificial cliffs of the cuttings are sliding 
down into the hollow ; and it is obvious that they will 
eventually assume the easier slope of the natural hills 
around them, unless the skill of the engineer should 
check the mischief. 

After descending this first, and in certain places com- 
paratively abrupt escarpment, in which he will have 
passed over the edges of the chalk, upper and lower, 
the chalk marl, and upper green-sand, all of which 
have a certain degree of hardness, he will find in the 
valley the softer gault — a bluish clay so called. Gra- 
dually rising from this low ground, he will reach the 
top of the lower green-sand, another hard stratum. 
Once more a steep descent will bring him down to the 
Weald clay ; from whence he will climb to the summit 
of the Hastings Sand, and will there stand upon the 
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anticlinal axis ^ of the whole, the several beds that he 
has already crossed, and the continuance of the same 
beds, which he will meet with ag{dn as he proceeds, all 
dipping away from him, north and south. In his further 
progress from this centre he will, of course, pass these 
beds in reversed order, the steep ascents now facing the 
north, and the gradual slopes having a southern in- 
clination. 

This regular alternation of the sof);er with the harder 
materials will account for that remarkable peculiarity 
in the conformation of this district which consists in the 
cliflf-like character of one side of each of its hills, — ^the 
side, namely, which in every instance faces the central 
axis. While the strata were rising in the form of an 
arch, as has been already described, the upper unyield- 
ing layers of chalk and green-sand must of necessity 
have cracked, and opened in longitudinal fissures. The 
water thus admitted to the soft gault clay would quickly 
wear it away, thus undermining and letting down the 
superincumbent beds, the scarped ends of which would 
take the form of cliffs. The ruins of these upper strata 
being ground down and removed, the same process 
would be repeated with the beds next in order. The 
hard lower green-sand, becoming fissured as it rose in its 
turn, would be undermined by the washing away of the 
Weald clay under it, and its clifi^, thus let down, and 
BO gradually receding from one another, would at length 
rise above the waves, as those of the chalk had done 
before. Lastly, the Hastings Sand would make its 
appearance, and the water having been now altogether 
tilted off the surface, the erosion would cease ; and the 

^ A line drawn along a ridge from which tiie strata dip, or sink, 
both ways, is called an anticlinal axis. 
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whole region might rise, without any farther change 
than that effected hj frost and rain, to its present leveL 

Whether this process of denudation ^ went on slowly, 
and was thus the work of ages, as has heen here sup- 
posed, or whether the same effects were wrought hy the 
sudden upthrow of the hottom of a deep sea, or in some 
other violent manner, as very eminent geologists think 
more probable, judging from certain facts which, as it 
appears to them, are not to be accounted for upon the 
opposite hypothesis, in the conclusion which affects the 
present argument aU are agreed. No one doubts that 
the chalk and its flints were once continuous over the 
whole Weald Valley, or that they were removed from 
it by water in motion. And thus, from this one district 
HI England alone, about two thousand square miles of 
materials were washed away, the finer sediment to be 
borne no one can say how far, the heavier portions, 
consisting chiefly of flints and sandstones, to be re- 
deposited in the more immediate neighbourhood of their 
ori^al location. The region then laid bare was, in 
&ct, much larger than this ; for a corresponding area 
of denudalion, with its concentric lines of rocks, a coun- 
terpart of that in England, may be seen in the opposite 
coast of France, in the Bas Boulonnais, which seems to 
indicate that the strata across the whole breadth of the 
intervening Channel were broken up by the same move- 
ment. 

It need not be supposed from what has been now 
said^ however, that the Wealden supplied the flints 
which are dispersed on or near the surface of the 

^ The washing away of rocks, whetiier by the waves or eiuv 
rents of the ocean, or by inundations, or by the slower action of 
the rain-water on the surface, is called denudation. 

B 
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counties to the north-east of London. The chalk, as 
we have seen, is extended along the whole of the north- 
western horder of that district ; and there fu*e reasons 
to conyince us that it is to that side we have to look for 
the origin of these flints, rather than to the chalk south 
of London. At the same time it may be mentioned, 
that the Woolwich, Blackheath, and other dense bed$ 
of rolled flints which are met ¥rith in Kent and Surrey, 
are supposed to be the result of the denudation of 
the Weald. These last-named accumulations occupy a 
geological position removed by a great interval from the 
formation to be chiefly spoken of here, in which beds 
of flint-gravel, of a red or yellow colour, abound, and 
which covers the surface of so great a portion of the 
eastern counties. The shingle beds at Woolwich and 
!31ackheath, and others connected with them, belong tQ 
what is called the Plastic Clay, or Lower Tertiaries, 
^hich may be seen in that neighbourhood to pass under 
the London Clay, and therefore must have been thrown 
down before it ; while the Drift of the eastern counties, 
with its gravel-beds, reposes upon the top of the latter 
thick and slowly accumulated deposit, and is thus proved 
to be more recent thai;^ it. There are reasons, indeed, 
to be mentioned hereafter, which lead with great cer- 
tainty to the conclusion, that these rolled flints of Kent 
and Surrey, and those on the surface in Essex; although 
all alike derived from the chalk, were strewn where they 
now lie at periods vastiy distant from one another. 

What has been said in this chapter affords a fair 
occasion for a remark or two upon the alleged uncer- 
tainty of geological speculations. It has been a favourite 
argument against this science, urged by those who look 
at it with suspicion, that its votaries are always disputing 
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l^mong themselves. But the objectors forget that, upon 
all the more material conclusions with which thej are 
concerned, geologists are quite agreed. How little 
weight there is in the objection, may be very well shown 
in connexion with the conflicting hypothesis mentioned 
aboye. The dispute is simply this, — ^Whether it is 
most in accordance with appearances to conclude that 
a certain portion of the earth's crust was carried away 
by a sudden and violent rush of water, such as we have 
never witnessed, or gradually worn down and removed 
by the ordinary action of the waves, just as we see the 
cli£& of our own coasts disappearing at the present 
moment. In the meantime the disputants on either 
side are perfectly satisfied, — first, that a vast mass of 
materials has been washed away from this area ; secondly, 
that it consisted of beds of great thickness, which, for 
the most part, must have been slowly accumulated; 
thirdly, that the upper or Chalk strata, so removed, were 
exclusively marine, while those beneath them, or the 
Wealden beds, were the deposit of fresh- water ; fourthly, 
that th^se unquestionable facts indicate several oscilla- 
tions in the level of this region, since, during the 
accumulation of beds thi*own down by the waters of a 
river, it must have been for the most part above the 
sea ; during the Chalk Period £ax below it ; while at 
present the higher parte of ite surface are seen to rise 
to about a thousand feet above the sea-level again ; 
fifthly, that of all the numerous remains of marine and 
terrestrial animals, preserved here as fossils, whether in 
the Wealden or Chalk strata, scarcely any, if any, belong 
to species now in existence ; rendering it manifest that 
there have been successive creations, the older forms 
having disappeared, to make way for others more nearly 

■ 3 
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approaching those hj which we are now surrounded ; 
and, lastly, that this whole collection of records, which 
may be examined bj any one in the archives of nature, 
refers to a period removed from our own by a great 
interval of time; as it can be proved that the Chalk 
had been upheaved, and more or less denuded, before it 
received upon it the earliest of the Tertiary beds ; since 
which, as must 'be concluded in all reason, myriads of 
years, or rather of ages, have passed away, a succession 
of events requiring so much time having left its marks 
plainly written in a series of rocks accumulated con- 
temporaneously with those events. If geologists can 
agree in such important conclusions as these, their dis- 
putes about matters of less interest ought not to be urged 
as bringing discredit upon their favourite pursuit. No one 
can doubt that there is much scientific truth yet to be 
discovered ; and, until all uncertainties are cleared up, 
there will be differences of opinion among those who are 
searching for it. 
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CHAPTEE VI. 

By what agency were the chalk-flints distributed ? — Not easy to 
fflje an account of every bed of ^ntvel — Blackheath and 
Woolwich shingle beds— 43ravel of Thames ^nalley — Drift — 
the Northern or Boulder Drift — In Norfolk and neighbouring 
counties — Unbroken flints in Northern Drift — Never been 
subjected to much violence from moving water — ^Transported 
for many miles — Great depression in chalk called Ix>ndon 
Basin — London Clay — Norfolk Drift resting upon it — How 
spread? — ^Dropped by ice-bergs — ^Two principles for the 
explanation of such phenomena — Up and down movements 
of land — Climate by no means always the same in same 
latitude — ^Effect of ocean-currents on climate — Effect of posi- 
tion and height of dry land — Ice-beigs now generated as near 
the equator as the middle of France. 

Haying shown that the flints of our gravel^pits and 
Bur&oe soil are derived from the Chalk, and that there 
is abundant evidence to prove that that great formation 
has been disturbed and bn^en up, we must next endea- 
vour to ascertain by what agency, and in what manner, 
these flints were finally distributed, and left in the places 
in which we now find them. 

It is not usually possible to determine all the circum- 
stances under which so casual a deposit as a bed of 
gravel may have taken up its position. I^ooking at 
London as the centre of a district in which this material 
abounds, we have towards the south and east, at Black- 
heath and Woolwich, as has been just said, large 
collections of flint shingle, attaining a thickness of fifty 
ieet and more, perhaps, which seem to have been thrown 
down there by waves breakmg upon a shore which was 
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^raduallj sinking.^ The sea at this period was cer- 
tainly eating awaj clifs of upper chalk at no great 
distance from these accumulations ; for in no other 
manner could such quantities of its peculiar flints have 
been supplied. These, it is evident, were shattered and 
rolled by breakers, and then left, one upon the other, 
until the heaps in some places attained a depth of nearly 
twenty yards. So thick a mass of pebbles seems to 
indicate a subsidence of the bottom on which it rested. 
The waves do not drive up stones above a certain 
moderate height. But if the land was slowly sinking, 
relays of flints, washed from the clifTs and rolled on the 
beach, might have been spread upon the top of those 
already accumulated as long as the supply lasted, the 
subsidence regulating in fact the whole operation. In 
the course of ages an alteration in the underground forces 
occurred, and the shingle beds were raised altogether 
above the level of the sea. That such up-and-down 
movements prevailed there, as everywhere else, there is 
abundant evidence to prove. 

We have again, beginning at Middenhead and ex-' 
tending for fifty miles from west to east, with a breadth 
varying from two to nine miles, the gravel-strewn valley 
of the Thames. It is allowed on all hands that this area 
presents considerable difficulties to those who are en- 
gaged in the disentanglement of its various, and some- 
times • apparently conflicting, phenomena; but it would 
be by no means consistent with the object of this book 
to enter into these discussions, the design of it being to 
show the reader who is resident in this part of England 
that he may obtain for himself convincing evidence of 
two or three simple, but still most important and gene-* 

^ Lyell, Man, 222. 
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tally applicable, geological facts; and to these such 
difficulties as those now alluded to are in no way 
whaterer opposed. Whether this particular bed of flint- 
gravel or that was thrown down at this or that paiiicular 
period^ may be a question of the highest interest to the 
accomplished geologist ; but the answer to it, whatever 
it may be, has no necessary relation to an inquiry into 
the origin of the stones themselves, of which that gravel 
is made up, and may have almost as little bearing upon 
the history of the general deposits of the country round ; 
and this is manifestly the case when the gravel to be 
considered is that which is met with along the course 
of a river. 

It is not to be doubted that many of the flint-pebbles ^ 
of the Thames valley — of those that are the most com- 
pletely rounded especially — have been three times at 
leaat beneath salt- water ; once when they were formed \ 
in their native chalk \ once aflber they had been washed t 
out of the chalk clif^, and rolled by the breakers on the \ 
shore of a sea of another geological age ; and again, 
when that sea-bottom had been in its turn upheaved, and 
they were brought down by the water of the river, and 
deposited at its mouth, to be once more elevated with 
the surface on which we now find them. These facts 
are sufficiently striking, and they are unquestionable ; — 
but nothing more can be mentioned here than the last 
operation by which we may suppose a certain portion 
of these flints were dropped where they now lie. As 
this region, which had been previously submerged, gra- 
dually rose from the sea, every part of the lengthening 
Hver must have been in succession an estuary, stretch- 
ing from side to side of the alluvial plain. Floods 
would be continually moving down sand and pebbles 
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from the higher ground, where they had heen previously 
left as that ground was raised ahove the waves, and 
they would settle themselves in various situations where 
the river was deeper, and the rush of the water less 
impetuous. Upon the occasion of heavy rains during a 
thaw, when large accumulations of snow are quickly 
melted, the rise of a river is often very great, and the 
current powerful. Considerahle quantities of stones, 
sand, and silt, frozen to the bottom of the ice which 
happens to have formed in shallow water, are sometimes 
transported to great distances, and find their way to the 
bottom — ^the coarse and the fine together — ^without being 
sorted in the usual manner by the stream which bears 
them along. Where causes of this uncertain diaraeter 
have been for a long while in operation, their ejects 
must present difiiculties to those who seek to account 
for them. All, therefore, that need be said of the more 
recent part of the deposits of this valley is, that it is 
evidently derivable from the basin which the river 
drains; and that every flint-pebble to be picked up 
from it bears testimony to the main facts we have to 
prove. The fossils it contains show that it came from 
the Chalk, a deep-sea deposit ; and it is certain that it 
was brought down from a region now much above the 
sea-level. Its journey may have been broken into 
stages: it may have made halts of longer or shorter 
continuance on its way : it may have taken its place in 
more than one stratum since it left its chalky cradle 
to begin its wanderings ; for such may have been the 
oscillations of the surface during the period it has been 
on the move, that it may have been, and not improbably 
has been, over and over again on the sea-shore, to be 
subjected each time to new violence^ and to be borne 
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afterwards to new ground ; but we cannot be mistaken 
in its lineage after all ; fbr tbat is registered within its 
own substance in characters as durable as the stone 
itself; and, strange as the record is, there is scarcely a 
little garden in the suburbs of London that would not 
famish a pebble from which so much could be learned. 

But through an extensive district lying to the north 
of the yalley of the Thames, one extremity of which 
approaches the metropolis while the other reaches the 
coast of Norfolk, die flints of the surface, and a varied 
assemblage of other stones with which they are asso- 
ciated, and which have certainly travelled southwards, 
seem to have been deposited under circumstances which 
may now be considered to be almost as well ascertained 
as diey are surprising^ 

There is found spread over almost every country, 
above the more ancient strata, a superficial covering of 
day, sand, and gravel, sometimes* sorted and separated 
into beds, but very frequently with little appearance of 
any such order. This is called by geologists drift; 
and is, of course, that part of the earth's crust which 
most commonly comes under cultivation. Here and 
there it may have been washed off, and the underlying 
rocks exposed; but, generally speaking, it maintains 
its place everywhere. Good instances of drift have 
been pointed out at Clapham Common, Kensington, 
and Hyde Park, where the ancient deposit of the 
London clay is hidden by such beds, which there 
consist of gravel ; while, on the other hand, Primrose 
Hill has been mentioned as affording an example of 
denudation, the London clay of that locality having 
been left without any superstratum whatever. The 
chalk hills of Hertfordshire, and those near Brighton, 
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present the same contrast, the former being generally 
covered with a drift of clay, while the latter have only 
a few inches of loose soil i^pon J;hem, which has re« 
suited from atmospherical and other causes now in 
operation, of which more may be said hereafter.^ 

The Northern or Boulder Drift, to which our atten- 
tion is now to be turned, prevails over a wide area on 
the eastern side of England. Beginning vnth an ex^ 
ample of it which occurs at Muswell Hill, Highgate, 
within about five miles of London, it is to be seen 
spread over many parts of Middlesex, Herts, Bedford-* 
shire, Huntingdonshire, Cambridgeshire, Essex, Suffolk^ 
and Norfolk* In the three latter counties it is very 
general, one member of it capping, to a depth of 
from ten to fifty feet, or even more, almost all the hills 
in the northern division of Essex, and a large portion 
of Suffolk and Norfolk.^ From its prevalence in the 
latter county, and the manner in which its curious and 
highly interesting curved beds are laid open upon the 
coast there, especially near Cromer, it is often called 
the Norfolk Drift. Its mineral ingredients are various : 
clay, loam, sand, and mixtures of clay and chalk, 
called in some places clay and in others marl, make 
up the bulk of the formation, beds of flint-grave], of 
greater or less extent, occurring in many parte of it. 
These latter, frt)m their porous character, and their 
position, filling up hollows in impermeable beds of clay, 
often form natural cisterns, which, holding the water up 
near the surface, and yet pveserving it from evapora- 
tion^ supply the springs and shallow wells of the 
districts favoured with them. 

^ Prestwich, Waier-heating StrcUa, p. 19. 
« Ibid. p. 87. 
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rery remarkable and characteristic feature of this 
8 found in the number of fragments of rocks of 
mt kinds, some of large si^e, rounded and un-> 
3d, which have come with it from various and 
t sources* Mr. Trimmer^ thus describes the 

member of it, called the Till, as it is seen in 
Ik : — " It is proved to be a marine deposit by the 
lells which it contains; but thej occur in a 
nt condition from those of ordinary strata, con-* 
I rarely of anything but fragments, distributed 
he utmost irregularity through the mass, species 
Ferent habits, the inhabitants of sandy and of 
f bottoms, of deep and shallow water, being 

confrisedly together, and associated with frag-^ 

of various rocks, often little worn, but much 
bed,^ derived from a number of distant places^ 
dxed largely with local detritus* The base 
^h which these fragments of shells and rocks are 
•uted is often not very dissimilar in other respects 
he London clay. The foreign detritus consists of 

and pebbles of granite, gneiss, mica-slate, clay- 
greenstone, porphyry, and other rocks, which 
no nearer than Scotland or Norway. They con* 

the tail of a stream of detritus, traceable over 
;e portion of the north of Grermany, the blocks 
shing in size and quantity with their distance 
N'orway and Sweden. Besides these fragments, 
of Eimmeridge clay and lias are met with, 
uing their characteristic fossils. Those of the 

iriial Royal AgricuU. Soc» VII. part 2. 
3 difTerence between worn and scratched rocks^ and the 
it treatment which such appearances indicate, will be 
ed hereafter. 



60 Geology in the Garden, 

London clay and carboniferous strata are more rare. 
The most abundant detritus consists of fragmentary chalk 
and chalk-flints. The till," continues Mr. Trimmer, 
'' is generally said to be unstratified ; but improperly as 
regards that of Norfolk, because, in the least stratified 
portions, alternations of deposit are marked by irregular 
seams of fragmentary chalk. In the Upper Drift, 
however, stratification is much more decided ; consist- 
ing of beds of sand, gravel, loam, and coarse shingle. 
The till passes upwards into laminated blue clay and 
silt, which again pass into the yellow sands of the 
Upper Drift, containing large masses of fragmentary 
chalk." This "Boulder Formation," says Sir 0. 
Lyell,^ " displays almost everywhere a strange hetero-* 
geneous mixture of the ruins of adjacent lands, with 
stones, both angular and rounded, which have come 
from points ofl;en very remote. Thus we find it in our 
eastern counties containing stones from the Silurian 
and Carboniferous strata, and from the Lias, Oolite, 
and Chalk, all with their peculiar fossils, together with 
trap, syenite, mica-schist, granite, and other crystal- 
line rocks. A fine example of this singular mixture 
extends to the very suburbs of London, being seen on 
Muswell Hill, Highgate; but south of London the 
Northern Drift is wanting; as, for example, in the 
Wealds of Surrey, Kent, and Sussex." 

It is, however, to the flints which abound in this 
deposit that our attention is to be particularly turned. 
They here present themselves to our notice in two veiy 
different conditions. It will be evident at a glance, in 
almost any locality, that the greater part of them have 
been rolled and rounded by moving water (see Fig. 62, 

^ Manual, p. 132. 
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PL Xn.)> like l^ose of the Blai^eath beds and of 
the Thames Talley^ and just as similar flints are being 
still ground down into the same forms upon many 
parts of our coasts. But there are not a few mingled 
with them — and some of these stones are weighty — 
which hare no appearance wiiatever of having suffered 
any very great attrition. A considerable proportion of 
them, tiiough not rounded^ may be more or less broken; 
but, taken altogether, there must be a vast number 
whidi are as entire as when they were lying quietly 
in dieir original chidky bed, their sharp points and 
multiform protuberances, occasionally so slender as to 
be eacdly knocked off by a rery slight concussion, being 
just as perfect as in those which still maintain their 
position in the dialk strata (see Fig. 63, PI. XII.). 

That these flints have never been subjected to the 
action of WBTes breaking on a sea-coast, ncnr even to 
the more gentie friction of a flow of water capable of 
rdling them along its bottom, is very obvious: they 
could not have been so transported for anything like 
such distances as we have to account for vrithout 
showing the effect of sudi movement, at all events in 
their more prominent parts : sharp points upon weighty 
stones could not have remained nnwom after such 
treatment. If these unbroken flints were only seen in 
BmaU numbers, and near to the chalk from which they 
were derived, we might imagine that thdr removal had 
possibly been effected in this way, though under such 
circumstances as to leave them in their original con- 
dition. But being found where they are, any such 
conjecture seems inadmissible. Let a person who k 
travelling tiux)ugh the middle of the county of Essex, 
tittie less, perhaps, than twenty miles hwi any chaJk 
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which comes to the surface, look at the flint walk 
which he may see along the road, and he will he at 
once convinced of the ahundance in which such 
material must he found, for he may he sure that it 
is nowhere hrought from any great distance. Not 
only do the gravel pits supply these flints, but con- 
tinually recurring crops of them are ploughed up from 
the land, to be picked off for the mending of the roads, 
or for the use of the builder. Those proper for build- 
ing are, of course, not large ; but many weighty stones 
have come with them : occasionally one will be found 
five or six feet in circumference. 

It is very true that, at a certain depth — 300 or 400 
feet perhaps — below the. surface upon which these 
stones rest, chalk is found. But it is no less true that 
they could not have risen from any such depth ; they 
must, necessarily, haxe travelled above ground. Essex 
is included in the basin of London : it stands over the 
same great depression in the Chalk as the metropolis. 
A person passing by railway from Eeigate in Surrey 
to Ware in Hertfordshire sees the southern and 
northern rims of this trough, as the chalk of which, 
it consists rises to the surface near those two places ; 
while its western edge, with that towards the eastern 
extremity, may be examined if he makes a journey 
from Hungerford in Berkshire, by Ipswich, to Bury St. 
Edmunds in Suffolk. This great sunken area in the 
Chalk, which is several hundred feet below the surface 
in some places, is filled up with clay and sand, unques- 
tionably carried into it by the waters of the sea, as the 
marine remains found in many parts of it demonstrate. 
The lowest member of this deposit — ^which is indeed 
the lowest of the Tertiary sta*at$i^ being that next 
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above the Chalk — ^is sometimes called the Plastic Clay, 
because in France, where it was first so named, it 
supplies a great deal of potter's earth ; and sometimes 
^< the Mottled Clays and Sands," which gives a better 
notion of its prevailing characteristics. The beds next 
above it, which attain a very considerable thickness, 
constitute the London Clay Proper. The Plastic Clay 
lines the chalk-basin throughout; while the London 
Clay fills up the hollow thus left. This latter, then, is 
not quite of the same extent as the former, although 
&r more of it is visible : it does not reach from side to 
side of the chalk depression ; but is separated from it 
by the Plastic Clay, which, resting immediately on the 
Chalk, rises with it to 4he surface, and surrounds the 
London Clay, forming, in &ct, an inner basin: so 
that the traveller, crossing from one side of this district 
to the other, upon leaving the chalk, passes over first a 
comparatively narrow strip of Plastic Clay, then many 
miles of London Clay, and then reaches a strip of 
Plastic Clay again, before he arrives at the opposite 
rim of chalk. 

Now upon the top of both the one and the other of 
these formations, spread over the eastern and north- 
eastern portions of them especially, occurs the Norfolk 
Drift, a series of irregular beds of clay, sand, and 
gravel; and it is in this superficial deposit that the 
unbroken chalk-flints of which we are now speaking 
occur. There can be no doubt that they have been 
brought to their present position from the chalk which 
is everywhere around them ; for with them is found a 
clay mingled with innumerable small rolled fragments 
of this sofii limestone, which could have come from no- 
where else. This chalky mixture, or marl, is an excellent 
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manure, and is used by the agriculturist extensiyelj» 
There is reason to suppose that Essex, and the counties 
adjoining, have been supplied with this valuable mate- 
rial, and the flints which have come with it, from the 
north. But the question is, how did they trayel in 
compan J ? It is not, at first sight, easy to say in what 
manner an almost impalpable substance like fine clay, 
and ponderous flints, could have been washed over the 
face of a country ten or twenty miles across, perhaps, 
and thrown down together in a mass in indiscriminate 
confusion ', — ^for it is well known that water Horts the 
materials which it thus removes, dropping the larger 
mafises first, and the smaller and finer in succession, as 
the current decreases in velocity. A powerful rush of 
water, capable of bearing away stones of a considerable 
size, must needs hiury on the clay or mud, which it 
stirs up with them, to a for greater distance than it 
carries such weighty bodies. Throughout a depth of 
many feet of fine clay large stones will be found at 
intervals, the heaviest of them at the top quite as com- 
monly as at the bottom; and this over an extensive 
district of a very level character. This, then, is not like 
the work of any ordinary ocean-current. 

It used to be supposed, in the absence of a better 
hypothesis, that this Drift n^ght be referred to a mighty 
rush of muddy water, set in motion, somehow or other, 
from the north ; and that it had power enough to hurry 
along with it, for hundreds of miles, innumerable frag- 
ments of rock, vast numbers of them weighing many 
tons, and some of them hundreds of tons, which it had 
left scattered over a great part of North America, as 
well as the North of Europe, England having come in 
fbr a certain portion of the strange deposit It was 
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thought not impossible that an extraordinary stream of 
this kind might earry forward all this mass of frag- 
ments without reference to the form of the conntrv over 
which it poured, and might drop tibem, as they are 
seen to lie, mingled with the finer as well as the coarser 
matter, and lodged upon the top of hills, as often as in 
the valleys, and on the plains. 

It is manifest, however, that such an hypothesis would 
bat ill account for the phenomenon in its simplest 
features; and there are facts connected with it for which 
it would not account at all. The Northern Drift could 
not have been ^e result of any such passing torrent ; 
because there are plain signs in various places that its 
aggregation must have been a work of no inconsiderable 
time, beds of clay, sand, and gravel, with fragments 
of stone distributed through them from top to bottom, 
being o&en stratified, and resting one upon the odier in 
regular order. And there is another still more striking 
proof of the gradual heaping up of this remarkable 
deposit. The fossils which in some places it contains, 
and in other localities overlies, make it evident beyond 
all doubt, not only that it was slowly accumulated, but 
that the process was going on for ages ; — beginning in 
one geological period, it was extended into another. 
This latter interesting circumstance, however, will be 
better considered hereafiter. It is obvious then, we 
think, that the driffc we have to account for, cannot be 
referred to sudden violence, or to any transient passage 
of water.^ 

^ It will be understood that nothing now said is meant to 
apply in any way to the Deluge of the Scriptures. That much 
more recent event might leave no such trace behind it. So 
brief an occupation of the surface of the earth by water — ^and 

P 
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But there is a carrying power, still busily, though 
quietly, at work over a considerable part of the globe, 
which is undoubtedly spreading out deposits in all main 
respects exactly like that of which we are now speaking. 
This carrying power is ice; and the whole body of 
evidence seems to point to a similar agency as the only 
one that could produce the various appearances whidi 
the surface of this district of England presents ; they 
seem plainly referrible to ice-bergs and coast-ice drift- 
ing over a sea, and bearing with them> and shooting 
down as they melted, the loads of stone and dirt which 
the one had received while it made part of the glacier, 
and the other had picked up from the bottom of the 
shallow water in which it was formed, or which had 
fallen upon it from the overhanging cliff. To the eluci- 
dation of this curious subject, the remaining part of 
this chapter and the whole of the three following will 
be devoted. 

Until persons have examined the proofs upon which 
such a conclusion is founded, it will no doubt seem to 
them a startling proposition when it is affirmed that the 
surface soil upon which they tread may have been 
dropped down from ice floating in a sea of almost arctic 
character, beneath which, at that time, a great part of 
England was submerged. But a little attention to the 
subject will certainly convince them that this is an 
hypothesis very far indeed from being eirtravagant or 
improbable. In the preceding chapters, be it remem- 

possibly only some portion of that surface — ^might make little 
or no impression upon it. In the caae of a gradual subsidence, 
and re-elevation of the land, — to which the apparent rise and 
faU of the water have been referred with great probability — ^qo 
distinguishing marks might be imprinted. 
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bered, it has been proved to demonstration that this 
surface abounds with the fossil remains of marine ' 
animals. The gravel walk in the reader's garden, upon 
which he takes his daily exercise, presents perhaps a 
pavement — ^if he resides in the eastern counties most 
assuredly does present a pavement — ^the flints of which 
are full of these fossils. They were formed, therefore, 
at the bottom of the sea, and most of them were rolled 
and polished on its shores : — this at least is undeniable. 
How did they reach the gravel-pit in the adjoining 
field, so fjEir from the chalk which was their birth- 
place? 

The first step towards the right understanding of the 
phenomena which are presented to the .. student of 
geology, is the conviction that the surface of the earth 
has, almost everywhere, repeatedly changed its level, so 
that any particular area may have been at one time 
lifted up by volcanic forces until it was dry land, a hill, 
or a lofty mountain, while at another time it may have 
sunk down to be the floor of an ocean, with thousands 
of feet of water rolling over it. As there cannot be a 
reasonable doubt of the prevalence of such oscillations 
of the surface at all periods, so must they be contem- 
plated as part of the system upon which our globe is 
ordered. 

A second persuasion equally needful for him, and for 
which the grounds are quite as indisputable, is that 
climate by no means depends entirely upon latitude, 
but is greatly modified by other circumstances. 

For the establishment of the first of these two prin- 
ciples, enough, perhaps, has been already advanced, and 
more will be said hereafter : at present we will address 
ourselves to the consideration of the second. 

f2 
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It is very natmal for persons Hying in England to 
take it for granted that the temperature of other coun- 
tries; at an equal distance from tiie equator, is about 
the same as their own. The sun is obviously the source 
of heat, and the intertropical countries hare the hottest 
dunates ; and it seems to them only reasonable to con- 
elude, that the heat and cold of different regions must 
needs rary according to their distance from this torrid 
zone, upon which they know that the rays of the sun 
fall vertically. And were there no counteracting influ- 
ences, this would be a safe rule. But in fact the 
causes of diversity of temperature are so many, that 
the mere latitude of a place is a very insufficient guide 
to any conclusion about its climate. Pekin and Lisbon, 
both in the northern hemisphere, are nearly on the 
same parallel of latitude ; but while, in the latter, the 
heat of summer is generally moderate, and the winter 
so mild that an extra garment — a cloak — serves in- 
stead of a fire ; in the former, the scorching rays of 
the summer sun exceed those of Cairo, in Africa, and 
the winter is as rigorous as that of Upsala, in Sweden.^ 
New York, again, is -as nearly as may be in the lati- 
tude of Naples. But the contrast of their winter 
climates is very striking. In Naples it is seldom as 
cold as it is in the north of England in September, and 
vegetation is never interrupted. In the middle of 
winter the fields are green, the orange-trees in blossom, 
and the balmy air is filled with the fragrance of bloom- 
ing shrubs and flowers. At New York, on the contrary, 
the cold season begins to make itself felt by the end of 
October, and by the shortest day has set in completely ; 
from which time, for six or seven weeks, the winter is 
1 Sir C. Lyell, Pnncip. 1. 165. 
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very severe, the thermometer standing for several days, 
perhaps, some degrees below zero. At Philadelphia, 
yet two degrees nearer the equator than New York, 
and in the same latitude as Valencia in Spain — at 
which place even slight hoar frost is very uncommon — 
the cold of winter is so piercing that, notwithstanding 
the motion of the water, caused by the great rise and 
fall of the tide, the Delaware, a river a mile in breadth, 
is often frosen over in twenty-four hours ; and it con- 
tinues in that state from twenty to forty days* 

But, if we extend our view to places on the opposite 
sides of the equator, though still at the same distance 
from it — which, if latitude alone governed the tempera*- 
ture, should have the same climate — we shall find a still 
more surprising difference. The island of South Georgia, 
in the southern hemisphere, is as near to the equator as 
Yorkshire, on our side of the globe. There Captain 
CkM)k found the snow, which never disappears, coming 
down to the level of the sea. Neither tree nor shrub 
enlivened the desolate prospect : a few tufts of grass 
and moss, scantily covering some of the rocks, from 
which die snow was melted by the summer's sun, was 
the only verdure. It is to be recollected that the lands 
here compared are both insular, and, therefore, in that 
main respect at least, exactly similarly circumstanced. 
Yet while on the one the loftiest heights are only snow^- 
clad in the coldest weather of the winter months, the 
other has an arctic covering in its warmest season. The 
mountains of Scotland, which are four degrees farther 
itom the equator than is South Georgia, do not reach 
the line of perpetual snow, even at an altitude of nearly 
five thousand feet ; but on the inhospitable shores of the 
latter, the snow and salt-spray are said to be for ever 
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in near neighbourhood : at all events, the glacier-ice 
descends to the sea-level.^ It is abundantly evident, 
therefore, that latitude is bj no means the only matter 
into which we have to inquire when we are endeavouring 
to account for the heat or cold of a country. 

There are many circumstances, as has been already 
said, which may give rise to great diversities of climate 
in places which are at the same distance from the 
equator. Of these, the most influential are found to be 
ocean currents, and the extent and position, as well as 
the height, of the land. Now it must be apparent at 
first sight that, if the earth's crust has been subject in 
times past to great up and down movements, so as to 
have altered the direction of these currents, the relative 
proportions of sea and land, and, as has assuredly been 
the case, the height and position of the latter, the whole 
surface of the terraqueous globe may have varied to so 
great an extent as to have caused vast alterations of 
temperature in certain latitudes. 

The most remarkable ocean-current with which geo- 
graphers are acquainted, is that known as the Gulf 
Stream. In this inmiense river of warm water we in 
England are specially interested, as the climate of our 
island, which is much milder than might have been 
expected from its mere latitude, seems to be materially 
influenced by it. It is well known that a great current 
sets from the coast of Africa across the Atlantic Ocean 
to the Caribbean Sea, whence it passes on into the 
Gulf of Mexico, where the water acquires a very high 
temperature, as much as seven degrees above that of 
the Atlantic in the same latitude. Issuing thence 
through the Straits of Florida, with a velocity of four 
1 Sir C. LyeU, Princip, 1. 189. 



Geology in the Garden. 71 

miles an hour, it flows northward in a stream more 
than seventy miles broad, and at least two hundred 
feet deep. It then bends round to the west, and 
crosses the Atlantic back again to the neighbourhood 
of the Azores, where it spreads out over a space from 
two to three hundred miles wide, and is from seven to 
ten degrees warmer than the waters of the surrounding 
ocean. — " The heat of this great body of water is kept 
up bj the incessant and quick arrivals of fresh supplies 
from the south; and there can be no doubt that the 
general climate of parts of Europe and America is 
materiallj afected by this cause." * " Were it not for 
this unceasing current from tropical seas," says Mr. 
Prestwich,^ ** London, instead of its present moderate 
average winter temperature of six degrees above the 
freezing point, might for many months annually be ice<< 
bound by a settled cold of from ten to thirty degrees 
below that point, and have its pleasant summer months 
replaced by a season so short as not to allow corn to 
ripen, and only an Alpine vegetation to flourish." — So 
far, therefore, is it from being difficult to believe that 
the climate of this part of the globe was ever so cold as 
to have given occasion to glaciers and ice-bergs, that we 
cannot but look upon its present temperatm*e as the 
exceptional case; since our mild winters are plainly 
owing to so accidental a circumstance as that of our 
being within the influence of this great flow of warm 
water.^ 

It is, indeed, by no means certain that the Gulf 
Stream has pursued the course just described for more 
than a comparatively brief space of time. It can be 

1 Sir C. Lyell, Prineip, I- 167. 

• Th£ Cfround beneath Us, p. 20. * Ibid. p. 19, 
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proved that the Noith American continent has heen 
submerged to a very great extent at a recent geological 
period. And it has been thought that this current 
would of necessitj have then found its way from the 
Gulf of Mexico along what is now the Valley of the 
Mississippi — at that time a great arm of the sea — and 
so would hare gone in a straight line to the Arctic 
Eegions ; and that, having arrived there, it must have 
tended to increase the volume of the cold counter-cur- 
rent which y then as now, would flow from those icy 
regions southwards. It is argued that, in this manner, 
the temperature of the waters surrounding the British 
Isles must have been greatly lowered in two ways; first, 
through the fisdlure of the warm stream ; and then by 
the flow of the gelid current from the north.^ Whether 
or not the pent-up water of the Gulf of Mexico ever 
found vent in that direction may he uncertain ; but it is 
sufficient for our present argument to have shown that 
such a diversion of its course is possible ; and that if it 
ever obtained, the result must have been a vast increase 
of cold in the region of Great Britain. 

Still more influential upon climate than even ocean 
currents, are ^e position and the height of the dry land. 
It is found by observation all over the globe, that land 
which is continuous from regions of great cold has a 
much lower temperature in the same latitude than that 
which is separated from such chilling contact by an 
intervening ocean. Thus, Lapland, although twelve 
degrees faJiiher north, has a more temperate climate 
than the south of Greenland ; because the one is con-» 
tinned towards the pole, while the other is cut off from 

* Mr. Hopkins, Quart, Joum. Geol. Soc. Vol. viii. part i. 
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it by the Arctic Ocean. And the cold of such a 
countrj will of course increase in proportion to its 
deration above the sea-level. A great increase of verj 
high land stretching from either of the poles towards 
the equator would, therefore, have prodigious influence 
in lowering the general temperature all over the world ; 
for no such change can take place in any one part of it, 
without being felt in due proportion in every other part. 
But if such an augmentation of the extent of the 
land, together with an increase in the height of that 
already existing there, should chance to occur in the 
Arctic and Antarctic regions at the same time, it might 
give occasion to a general degree of cold to which it 
would not be very easy to assign limits.^ Now, since 
it is incontrovertibly established that a great portion of 
the present dry land of the earth was under water at a 
oomporatively late period of our planet's history, and 
that parts of that formerly submerged area are now ten 
thousand feet above the sea-level, it cannot be considered 
an improbable conjectiure that, at that time, an equal 
extent of land now submerged was elevated to a like 
height ; and it might have been so placed, in or near 
the polar regions, as to have given rise to a degree of 
cold abundantly sufficient to have generated glaciers in 
our latitude, which might have descended, even from 
mountains of moderate height, to the level of the sea, 
and have covered its surface with floating ice. 

We must always recollect that it is most satisfactorily 
proved, by means of the various fossils imbedded in the 
strata, that there have been in the course of ages a 
succession of climates — ^hot, cold, and temperate — 
within the very same area, — that of our own island, for 
1 Sir C. Lyell, Princip. 1. 190. 
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instance ; and that such a strange vicissitude of tem- 
perature must be somehow or other accounted for. 
Now if this region had passed from a hot climate to a 
cold one gradually, a moderate temperature intervening, 
it might be supposed that such a change was the result 
of the slow cooling down of our globe from a former 
state of greater heat: and this has been a favourite 
hypothesis. But such a regular diminution of heat is 
not consistent with the facts before us. The aren of 
which we are speaking has certainly experienced, even 
since the commencement of the Tertiary period, the 
series of changes just indicated. For ages together it 
must have had a high temperature ; then a very low 
one ; and now it has a climate between the extremes. 
And there seems to be no way of accounting for these 
alternations so legitimate, or so probable, as by sup- 
posing that there was a generdi prevalence of low 
tropical lands during the period of heat, and of lofty 
arctic lands while the cold obtained; the medium, or 
present temperature, resulting, of course, from a certam 
proportion of each. That laud within the tropics is as 
influential in the general diffusion of heat, as is land 
near the poles in the abstraction of it, is certainly 
known. Africa at this moment acts, as has been well 
said, like a great funiace, distributing heat, by means 
of aerial currents, far and wide. 

But in the case before us we have little occasion to 
speculate upon possibilities, or to imagine a state of 
things which may be thought unlikely to have existed. 
Sea-borne ice, in a lower latitude than England, is at 
this moment doing all that we suppose it to have done 
here when the Northern Drifk was deposited, — that is, 
during the Glacial Period, as it is called, — ^the cold of 
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which seems certainly to have prevailed orer this part 
of the glohe very recently. Chi the western coast of 
the southern half of South America, heginning at a 
point nearer hy two degrees to the equator, or to the 
hottest part of the earth, than is England, numerous 
glaciers descend to the sea ; and their extremities, as 
is usual under such circumstances, heing from time to 
time detached from the parent mass, float away, in 
great numhers, as ice-bergs, carrying with them abun- 
dance of stones and dirt, to be shot down wherever they 
happen to melt. The whole of that coast is being 
gradually upheaved by earthquake shocks ; and should 
ibe adjmning floor of the Pacific be ever exposed, as 
seems not improbable, it will be found covered with a 
deposit in essential characters like the Drift of which 
we are speaking; it will be seen to consist of day, 
sand, and gravel, in much confusion, and containing, 
through its whole thickness from top to bottom, blocks 
of stone of all the various kinds supplied by the several 
valleys down which the glaciers take their course. Al- 
ready there is enough of this sea-bottom sufficiently 
upraised to admit of examination, and this is precisely 
the nature of the stratum there being heaped together. 
Now it is to be particularly noted that all this is the 
consequence of the peculiar distribution and height of 
the land towards the south pole, and other conditions 
just as liable to variation. A region as near to the 
equator as the middle of France, is now sending off, 
from every suitable opening along an extensive line of 
coast, numerous ice-bergs, such as there appears good 
reason to suppose formerly floated over a great part of 
what is now England. It is obvious, therefore, that 
there can be no objection, from any consideration of 
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latitude or climate^ to this mode of acoountiDg for that 
deposit which we see under our feet, the character of 
which points in so remarkahle a manner to a similar 
origin. The greater part of England, and much of 
Europe, was cei:tainlj ooveied with salt-water durmg 
the time in which the N<nthem Drift was thrown down. 
It is highly prohahle that land now submerged was then 
elevated above the sea. Let us onlv suppose, as is very 
reasonable, that the situation of that land was such as 
would give occasion to a considerable, though bj no 
means an unlikely, degree of cold in the region with 
which we are concerned, and we have at once before us 
a conjunction of circumstances which would naturally 
produce the singular accumulation which we are con- 
sidering. '' I have endeavoured, in the Principles of 
Geology, Chapters 7 and 8,'* says Sir C. Lyell,^ ** to 
point out the intimate connexion of climate and the 
physical geography of the globe, and the dependence 
of the mean annual temperature, not only on the height 
of the dry land, but on its distribution in high or low 
latitudes at particular epochs. If, for example, at cer- 
tain periods of the past, the antarctic land was less 
elevated and less extensive than now, while .that at the 
north pole was higher and more continuous, the condi- 
tions of the northern and southern hemispheres might 
have been the reverse of what we now witness in regard 
to climate, although the mountains of Scandinavia, 
Scotland, and Switzerland may have been less elevated 
than at present. But if in both of the polar regions a 
considerable area of elevated dry land existed, such a 
concurrence of refrigerating conditions in both hemi- 
spheres might have created for a time an intensity of 

1 Manual, p. 146. 
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cold never experienced since ; and such probably was 
the state of things during this period/' 

But it will be asked whether, in addition to the 
peculiar character of this Boulder Drift, we have or 
have not other proof that such cold did prevail, and 
produce glaciers reaching the sea in this part of the 
globe at the period of whidi we are speaking ; that is, 
either immediately before the time when England 
assumed, for the most part, its present form and general 
level, or during the movements by which that form and 
height above the sea were acquired. 

That the needful cold did formerly obtain in this 
region, generating glaciers in favourable places, there 
cannot be a doubt ; and that these glaciers descended 
to the sea, and were the origin of numerous ice-bergs 
which, with the ice-rafts formed on the neighbouring 
coasts, bore away and deposited on the sea bottom, 
their usual loads of stones and dirt, is almost as little 
to be questioned. But as the discussion of this interest- 
ing subject will occupy some little space, it will be as 
well to devote to it a separate chapter. 
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CHAPTER Vn. 

Glaaers — ^Formerly in British Islands — If instrumental in distri- 
buting drift must have descended to sea-level — Wide area 
over which ice-bergs are now distributing drift— Several 
kinds of ioe-bergs — Which distribute drift in both hemi- 
spheres in lower latitudes than England — Much of British 
Isles under water at period of Norfolk Drift — ^With glaciers 
reaching the sea — Stones and drift scored and scratched as if 
by glaciers— Great cold prevailed at the period of the Nor- 
folk Drift — New and interesting corroboration of this fact. 

Most persons, perhaps, have a general notion of a 
glacier. When a mountain is so high that its up- 
per part is covered all the year round with snow, 
elongated masses, or, as it were, rivers of ice in a 
peculiar state, supplied from this unfailing storehouse, 
descend such ravines and valleys as are suitahle for 
their formation. They are the result of the alternate 
thaw of summer and frost of winter; and find their 
way down very slowly by their own weight, in a sort of 
partially fluid or viscous state, much as a mixture of 
flour and water, or dough, if of the proper consistence, 
might creep down the board on which it rested, if tilted 
at the required slope. 

But although, in such vast accumulations, the ice is 
pliable enough to move in this manner, it is nevertheless 
so hard as to bear upon its surface, and carry down 
with it those heaps of stony fragments and dirt, which, 
detached by frost and rain, fall from the rocks by which 
it is skirted. This rubbish naturally forms two lines, 
one on each side of the glacier ; and they are accord- 
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ing] J called its lateral moraines ; while the continually 
growing collection which is shot down at its end, where 
the warmer air of a lower region melts the ice, is the 
terminal moraine. 

Now in consequence of the unceasing downward 
movement of the weighty mass, and the perennial 
supply of stones from ahoye to act as grayers — ^for 
some of them drop in, and grate along between the 
embankment and the ice, while others are frozen hard 
into its substance, and stand out from it in various 
positions, and not a few M\ through the deep clefts, or 
.crevasses, which open on its surface, and so find their 
way to the rock beneath — a glacier leaves such marks 
upon the sides and bottom of the trough along which it 
travels, as would prove beyond a doubt its former pre- 
sence, should the temperature of the region so alter as 
to become unfitted for its longer continuance there. 
The hard and enduring surface of rock with which it is 
in contact, partly smoothed, and sometimes even polished, 
is moreover scored and grooved in such deeply cut and 
ofien parallel lines, which dip wherever the sliding mass 
sinks into a depression, or rise, as, driven by the weight 
behind, it is forced up by some obstruction in its course, 
that the channel thus characteristically sculptured on 
its floor and sides, must tell for ages of the singular 
stream which once found its way along it. 

In the British Islands there are at present no gla- 
ciers. Our mountains are not high enough ; for they 
none ^of them reach the elevation at which, with the 
average temperature prevailing here at this time, the 
snow remains unmelted the year round. But there are 
.many rocky valleys radiating from the summits of our 
higher hills, which show clearly enough that they were 
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onoe occupied by glaciers. M. Agassiz, one of the best 
authorities on such subjects^ has pointed out Ben Nctis 
in the north of Scotland, and tiie G-rampians in the 
south, as indicating, by the blocks of stone deposited 
down the sides of their yallejs, the former existence 
there of glaciers, which have left these lines of frag- 
ments as plain traces of their moraines. He found 
evidence of the same kind among the heights of North- 
umberland, Westmoreland, and Cumberland, of Wales, 
and of Antrim, Wicklow, and the west of Ireland. 
Dr. Buckland, an authority entitled to equal respect, 
mentioDS other localities which afford similar evidence 
of the same thing. He directs attention to the peculiar 
rounded bosses of rock — prominences which have been 
rounded off by attrition — ^and polished surfaces, often 
accompanied by grooves and scratches, which, familiar 
to the eye of every explorer of the Alps, he attributes 
to glacier action — in the valleys of the Conway, the 
Llugwy, the Ogwyn, and the Sciant, and of Llanberis 
and other places in Noi-th Wales. Mr. C. Dctrwin, 
whose reputation is not inferior to either of the distin- 
guished geologists already mentioned, adduces other 
instances of the same kind from the country round 
London, Professor Bamsey agreeing with him in his 
views. But of all the writers upon glaciers, no one has 
studied them more carefully or more successfully than 
Professor James Forbes. In his " Notes on the Topo- 
graphy and Greology of the CuchuUen Hills in the Isle 
of Skye, and the Traces of Ancient Glaciers which they 
present," he ^'points out groovings and scratchings 
upon polished rocks of a marked kind," says Sir H. 
De la Beche, to whose " Geological Observer"^ we am 

1 Page 811. 
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indebted for most of this information. He observes 
respecting the valley of Coruisk, that " the surfaces of 
hypersthene" (a volcanic rock), " thus planed or evened, 
present systems of grooves exactly similar to those so 
much insisted on in the action of existing glaciers on 
subjacent rocks, and as evidence of glaciers in parts of 
the Alps and Jura, where they are at present wanting." 
" These grooves," he says, " are as well marked, as con- 
tinuous, and as strictly paraUel to what I have elsewhere 
shown to be the necessary course of a teuacious mass 
of ice urged by gravity down a valley, as anywhere in 
the Alps.'' He then tells us that they occur among 
the hills of Skye in high vertical cliffs, just as they do 
near the Pissevache ; that they rise here against op- 
posing promontories, as they do in the valley of Hash ; 
that tiiey make deep channels or flutings in the trough 
ef the valley, as at Pont Pelissier near Chamouni, and 
as at Fee in the valley of Saas ; that, at the same time, 
these appearances have a superior limit, — as in the 
present glacier valleys the markings reach only a certain 
definite height, — above which the craggy angular forms 
are almost exclusively seen, where the phenomena of 
wearing and grooving entirely disappear. " In short," 
concludes Professor Forbes, " it would be quite impos- 
sible to find, in the Alps or elsewhere, these phenomena 
^-except only the high polish which the rocks here do 
not admit of — in greater perfection than in the valley 
of Coruisk." 

Such evidence as this, and much more of the same 
tendency might be adduced, has left no doubt upon the 
minds of these competent judges that, during a former, 
though, geologically speaking, late period, many of the 
higher hills of Great Britain and Ireland were furnished 
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with their glaciers^ which, for a lengthened series of 
years, worked their natural effects, precisely as similar 
accumulations of ice, in various parts of the wt)rld, are 
at this day producing like results under the same cir- 
cumstances. 

But an ordinary inland glacier — such as the well- 
known Mer de Glace, near Cfaamouni, the end of 
which does not reach the sea-level within thousands 
of feet, hecause the temperature of the lower regions 
there is too high to allow any such extension of the 
ice — would distrihute no stones and dirt beyond the 
immediate valley which it occupies, except the mud 
and smaller fragments which the always attending 
glacier-river might have power to carry down with it. 
If the ice which has left its marks in the ravines and 
valleys of our mountains was ever instrumental in the 
distribution of mineral matter, such as the Boulder 
Drift of which we are speaking, over the surface of 
this country — over our midland and eastern coimties, 
for instance, as there is abundant reason to think it 
did — ^it must have been at a time when it found its way 
down to the sea, and furnished a supply of ice-bergs 
to be driven with their freight of stones and mud, 
whichever way the wind or ocean currents might chance 
to propel them, across these regions then submerged. 
The same process must have gone on within the area 
now occupied by the British Islands, as arctic voyagers 
witness in many places on the western side of Greenland. 
There, every valley which comes down to the coast 
being occupied by its glacier, and every such glacier 
reaching the sea, fleets of ice-bergs — which are nothing 
more than the detached lower ends of these frozen 
streams — ^are continually floating away to shoot down 
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the detritus with which they are hurdened wherever 
they go to pieces or melt. Amidst the stillness of those 
solitudes, nothing is more striking, we are told, than 
the loud reports, resemhHng the discharge of heavy 
ordnance, which are heard from time to time as some 
of even the smaller masses of ice, breaking from the 
parent glacier, fall into the water. The formation of a 
sea-bottom, which may hereafter be upheaved in a con- 
dition fit for the support of vegetable and animal life, 
seems to be the chief operation in which nature is 
engaged under such circumstances. 

It is of much importance in this inquiry to recollect 
the extent of the area over which, in one part or other 
of the world, the floor of the sea is at this moment 
receiving a deposit of mud, sand, gravel, and rock}^ 
fragments, which is being dropped down upon it in this 
manner ; and to consider the conditions under which 
that operation is proceeding. The ice-rafts which carry 
out this detritus are of three different kinds* There is, 
first, the ice-berg properly so called — iis-herg or moun- 
tain of ice, thus named originally, it is probable, by 
the Dutch navigators. It is, as has been already said, 
the offspring of the glacier. Its majestic appearance, 
with its serrated crest, or lofty pinnacles rising high 
into the air, is familiar to most persons from tlie plates 
in books of Arctic discovery. It brings out with it 
whatever trains of fragments and dirt may have fallen 
upon it in its slow descent down the glacier valley, of 
which it bears not uncommonly a very considerable 
load, some of the stones being occasionally of very large 
size. The second kind of raft is that which is supplied 
by such fields of ice as that of the great barrier of the 

q2 



B4 .Geology in the Garden, 

antarctic regions.^ This yast sheet of frozen $now and 
water, which skirts the shores of that inhospitable 
region for an unknown distance, presents to those 
approaching it the appearance of a lofty cliff, quite flat 
At the top, with a perpendicular face rising to one hun- 
dred and fifty or two hundred feet aboTe the sea, the 
water, for a considerable distance in front of it, being 
<soyered with floating fragments, great and small, which 
have been broken off from it. It is of immense thick-r 
ness. Sir James Boss saw detached portions of it, 
sixty miles from its edge, which were fast aground 
where the water was 1,660 feet deep ; what height they 
stood aboTO the surface is not mentioned. This wonv 
derfiil field of ice is seen to be traversed by great cracks; 
and whenever there are considerable changes of tempe- 
rature, huge sheets — occasionally many miles in lengtii 
r— separate from the main body, and float out to sea. 
'< Though from its general mode of occmrence,'' says 
Sir H. De la Beche,^ " the great icy barrier of the 
antarctic regions might not, at first, appear any impor- 
tant agent in the transportal of mineral matter, it has 
been found that, under certain conditions, portions of 
the ice, detached from it, may bear no inconsiderable 
lunount of mud, sand, and rock fragments of various 
fiizes into milder climates, depositing their loads over 
the bottom of the sea upon which they may be carried," 
The third kind of ice-raft is that which is supplied by 
ordinary coast ice. Wherever the temperature is suffi- 
ciently low, the shallow water on the sea-brink in 
favourable situations will freeze. This, therefore, is a 
Tory widely prevailing source of supply for smaller floes ; 

* Geological Observer, p. 267, • Ibid. 
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Dugh they are offcen large enough to bear away masseii 

stone of no mean weight; and are, for the most 
rt, laden besides with pebbles, sand, and mud, picked 
» from the bottom with which they have been in conn 
«L We may judge of the aggregate effect which even 
is minor operation of nature would work out in the 
urse of ages, by what it is known to have accomplished 

a comparatively brief space of time in the Baltic* 
lie current which flows from that sea through the 
attegat carries out in the spring much coast ice. In 
^44 a diver found the remains of an English cutter, 
3wn up during the bombardment of Copenhagen not 
rty years before, covered with blocks of stone, some 

which measured from six to eight cubic feet. The 
me man affirmed that all the wrecks to which he had 
scended in the roadstead of Copenhagen were more 

less laden with the same kind of fragments.^ It 
luld seem very probable, and well agreeing with these 
;tB, that the lighter matter, mud and sand, which 
ist have been thrown down with such stones, had 
en carried onward by the stream to a greater distance, 
iving in that submarine valley just such trains of 
iighty erratic boulders as are met with in the ancient 
\h for which we are endeavouring to account. 
Starting, then, from the various centres of dispersion^ 
lence drift is being strewn over the sea-floor, these 
*ee kinds of ice-rafts bear their burdens over a large 
», both in the northern and southern regions of the 
ibe< Greenland is a land of glaciers. Along its 
)tem, as well as its western coast, the current setting 
the southward brings down the ice-bergs, which that 
ole country supplies, to hold on their course as far as 

^ Oeological Ohurvera p. 285. 
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the temperature of the sea and air, or casualties of one 
kmd or other, may permit. This icy stream is hy no 
means of very limited extent. Occasionally, it is so 
broad on the eastern side of Greenland as to reach the 
coast of Iceland ; and the accumulation of fragments 
at Cape Farewell sometimes stretches out into the s^a 
to a distance of one hundred and sixty miles. The 
main body of these floating bergs, joined by those from 
Davis's Straits, makes its way along the American 
shore to Newfoundland. But many of them reach to 
much more southerly points. M. Couthouy mentions 
an ice-berg, with apparently boulders upon it, as low 
down as latitude 36° 10" north, and longitude 39° 
west,^ that is in the middle of the Atlantic, about oppo- 
site to the entrance of the Mediterranean. But, not to 
lay too much stress upon extreme cases, it may be said 
without hesitation that, in our own hemisphere, in the 
same latitude as Great Britain, and oyer a surface vastly 
larger than that of the British Isles, a drift like that of 
Norfolk is, at this moment, being deposited from float- 
ing ice. If we pass next to the regions of the extreme 
south, we shall find nature there equally busy in the 
same important work. A vast extent of sea is traversed 
by the ice-bergs furnished by the glaciers of the An- 
tarctic lands. Sir James Boss mentions a great glacier 
at ^Etna Islet, South Shetland, as descending from » 
height of 1,250 feet into the ocean, where it presented 
a vertical cliff of 100 feet. Adjoining the termination 
of the glacier he found the largest aggregation of ice- 
bergs, evidently broken fix)m it, he had ever seen 
collected together.^ Glaciers in other parts are pointed 
out on the same authority. But this is eminently the 
1 Geological Observer, p. 265. « Ibid, p. 266. 
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region of the great icj barrier ; and from its far-stretch- 
ing cliffs innumerable tabular ice islands are detached.^ 
With vertical sides, and a flat top— which is so smooth 
that it looks like a sheet of frosted silver — and often of 
almost incredible size, they make their way to a warmer 
climate by sailing northward ; and so scatter the debris 
they carry over the bottom of that part of the Pacific 
Ocean. Sir James Boss met with many of them in 
about 63^ south, still raising their tabular summits 120 
or even 180 feet above the surface of the sea, several of 
them exceeding two miles in circumference. But they 
have frequently a more northerly range than this by ten 
or twelve degrees ; and so great was their number in the 
year 1832, that vessels bound round Cape Horn fi-om 
the Pacific, were obliged to put back to Chili for a time, 
in order to avoid them.^ 

We could well suppose, that masses of ice of such a 
vast thickness as those which have been now mentioned 
— ^for they must have from six to eight feet below the 
water, for every foot above it — might reach the latitudes 
named before they had fallen to pieces ; although it 
must not be forgotten that those latitudes are as far from 
the South Pole as England is from the North. But, as 
has been already observed, it is, at first sight, very sur- 
prising that glaciers reaching the sea are generated, and 
ice-bergs in gi^eat numbers are detached from them, in 
a latitude which corresponds in one hemisphere with 
France in the other. No glacier in the Alps descends 
within several thousand feet of the sea-level; but on 
the western coast of South America they reach the sea 
in even a lower latitude ; ^ and from the island of Chilo(^ 

1 Geological Observer, p. 270. « Ibid. p. 275. 

8 Sir C. Lyell, Manual, p. 151. 
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southward to Terra del Fuego, they supply a great deal 
of floating ice. But this cold climate, in a country six 
degrees nearer the equator .than England, is, neverthe- 
less, eaflily accounted for. It is ohviously caused by 
the great height and consequent extreme cold of the 
Antarctic lands, by the current of cold water which sets 
from the icy region against that coast, and by the ice 
floating about those seas, which chills the air^ and causes 
continual fogs, by means of which the influence of the 
sun's rays is greatly lessfened. 

Now it is particularly worthy of note that all these 
conditions might have belonged to England at the 
Drift period, the latitude being more favourable for 
them. Certain it is, that a boulder drift with all its 
peculiarities is being deposited by floating ice in the 
south as well as in the north, in a region as near to the 
equator as England is. And — to repeat what was said 
above— should this end of America continue to rise as 
it has done from time to time, which is very probable, 
and the Antarctic lands sink, which, as they are 
volcanic, cannot be deemed improbable,^ there would 
come into existence, with a cUmate more or less like 
ours, a drift-covered country, showing all the marks of 
former glaciers, with scored and polished rock surfaces,* 
and doubtless with its superficial covering in some places 
left in the confusion in which it was thrown down, in 
others sorted and stratified by partial currents. In 
particular locahties the grounding of ice-bergs may 
have driven up the sand and mud into heaps, and con- 
torted and crushed it into a varietv of unaccountable 
flexures, just as our drift is seen on the coast of Nor- 
folk, as will hereafter be described. To glacial 
1 See Oeol. Observer, p. 290. > Sir C. LyeU, Manwd, 161. 
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operations, then, similar to those now pointed out, there 
is, BO far, good reason to suppose that a considerable 
part of the surface of England owes its origin. 

There can be no doubt, at all events, that, at the 
period of which we are speaking, the greater part of 
the land which is now the British Islands was covered 
with sea- water; and, in the neighbourhood of our 
higher mountains, was so deeply submerged that 
glaciers, of which there are abundant evidences to be 
seen there, did reach the sea.^ 

The proofs of the submergence of this whole area, 
at that time, to a considerable depth — in some places to 
the extent of nearly 1,400 feet — seem to be absolutely 
incontrovertible. We may begin with the east side of 
England, where it is least observable. In 1829, Sir 0. 
Lyell ^ made a particular examination of the cliffs of 
eastern Norfolk ; and he tells us that near Hasboi'ough 
he found the descending section as foll6ws: 1st. sand and 
loam^ thirteen feet ; 2dly, unstratified mud, or, as that 
oonfiised formation is called, till, from eight to sixteen 
feet; 3rdly, laminated sand and clay, one foot and a 
half, part of the clay being bituminous — of course, from 
the vegetable matter present — and inclosing compressed 
branches and leaves of trees. The entire height of this 
diffwas thirty-five feet; but he subsequently found the 
same remains under an accumulation of similar strata 
of double that thickness. Here, then, we have proof 
of a subsidence of the land to the depth of seventy 
feet. These branches and leaves of trees, as we shall 
see, marked the site of an ancient forest, with its bed of 
mould, which, since the time when this terrestrial vegeta- 

1 Geological Observer, pp. 300, 312. 

> Lond. and Edinbr. Fhil, Mag. May, 1840. 
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tion sprang from it^ must needs liave been depressed to at 
least the whole of this extent, most probably very much 
lower, or a deposit of tiiat thickness, thrown down 
gradually from water, could not have accumulated oyer 
it. Ujxm the interesting subject of this ^^ submarine 
fefest of East Norfolk " much has been written : we 
extract the following particulars from Sir C Lyell's 
paper in the magazine already referred to. Mr. B. 0. 
Taylor observes of this deposit generally, that, "It 
consists, in some places, of forest peat, containing fir 
cones and fragments of bones ; in others of woody clay ; 
and elsewhere of large stools of trees standing thickly 
together, the stems appearing to have been broken off 
about eighteen inches from their base. They are evidentiy 
rooted in the clay or sandy bed in which they originally 
grew, and their stems, branches, and leaves lie around 
them, flattened by the pressure of from thirty to three 
hundred feet of diluvial deposits." " At Paling," says the 
Kev. Janies Layton, ^* the stumps of the trees seem now 
to be really standing : the roots are spread abroad, and 
intermingling with each other ; were a torrent to sweep 
away the mould from the surface of a thick wood, leav- 
ing the roots bare in the ground, the appearances would 
be exactly the same." '^ About this stratum are found 
numerous remains of mammalia, the horns and bones of 
at least four kinds of deer, <&;c. These fossils are found 
at Hasborough and its neighbourhood on the denuded 
clay shore ; at Mundesley they are found in the cliff." 
Mr. Simeon Simons of Cromer states that, at Cromer, 
he saw ten or more trees, in the space of half an acre, 
exposed below the cliffs eastward of that town, the 
stumps being a few inches, or all less than a foot, in 
height, some of them no less than nine or ten feet in 
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girth, the roots spreading from them on all sides 
throughout a space twenty feet in diameter.*' ** The 
great extent of this submerged forest," obserres Sir C. 
Lyell, " is proved, not only by the numerous points at 
which it appears between Paling and Kunton — ^which 
are about twenty miles apart, reckoning by the sea- 
ooast, and nearly as far in a direct line — but also by the 
proo& afforded of its extension inland in proportion as 
the oyerlying beds are swept away by denudation;" 
which h^e, it may be added, is constantly going on. 

It appears, then, that there is conclusive evidence of 
a downward movement of the land on the east coast of 
England, to the depth of 300 feet;^ and that this 
depression had taken place just previously to the depo- 
sition of the Norfolk Drift, or was still going on while 
that deposit was being thrown down. There can be no 
misapprehension in this case. A diluvial accumulation 
of 300 feet, gradually heaped up above the remains of 
terrestrial vegetation, which still maintains the position 
in which it grew, with its roots yet fixed in the soil, 
speaks unmistakably of a depression of the ancient land, 
to the whole depth of that accumulation at the very 
least ; for in no other manner is it possible to account 
for the phenomena : the trees must have grown there 
when the surface of the land was above the sea-level. 

If we move westward, we shall find in the counties 
more in the middle of the island, proofe of subsidence 
at this period to a still greater amount.^ A drift, or 
superficial deposit, upon the top of the more ancient 
formations, with its fragments of stone rolled and un- 
rolled — -just such an accumulation as glacier ice leaves 

^ Mr. Trimmer says 600 feet. Joum. Royl. Agric. Soc. vol. 
vii. part 2. ^ Sir C« Lyell, Manual, p. 137. 
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— ^may be observed in tbe counties of Lancasbire, 
Chesbire, Sbropshire, Staffordsbire, and Worcestersbire; 
and it fumisbes specimens of marine sbells, of species 
now living, wbicb are to be seen sometimes at an ele-* 
vation of 350 feet above tbe sea-level. Tbe boulders 
wbicb are distributed tbrougb tbis drift, and wbicb give 
no bad evidence tbat tbej must bave been dropped bere 
by ice, are to be referred, it appears, partly to tbe 
moimtains of Cumberland, and partly to tbose of Scot- 
land, tbeir mineral cbaracter declaring tbeir parentage, 
as it is to tbose parts of our island we must go for rocks 
of a like kind. And it will not be forgotten tbat we 
bave already seen tbat among tbe beigbts in tbose same 
regions are unequivocal marks of glacier action. Here, 
tben, we bave 350 feet of depression. 

It is to be noted, tbat we are now looking for proof 
of a subsidence of tbe land, to a certain, comparatively 
speaking, moderate amoimt, at tbe period wben tbe 
drift of Norfolk was deposited. Notbing would be easier 
tban to sbow, tbat tbe part of tbe eartb's crust on wbicb 
we dwell bas, at one time or otber, experienced move* 
ments upon a vastly grander scale tban tbat with wbicb 
we are now concerned. During tbe time tbat tbe Carboni- 
ferous, Devonian, and inferior strata, wbicb are exposed 
in Wales and tbe adjoining parts of England, were 
accumulating, tbe original floor of tbe ocean on wbicb 
tbey were successively deposited must have sunk very 
many thousand feet. " Tbe downward movement was 
very gradual," says Sir C. Lyell, " and a maximum thick- 
ness of 32,000 feet " — ^more tban six miles — " of rock 
was formed, whilst the bed of tbe sea was all the time 
continuously and tranquilly subsiding." ^ Tbe greater 

^ Mamud, p. 65. 
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part of the coal seams owe their, origin to terrestrial 
vegetation, which grew upon the very soil — the under-« 
el&j, as it is called hj miners — on which the hituminons 
matter still rests. They must, therefore, have heen at 
jone time upon a surface which was, upon the whole, 
raised ahove the water; for nowhere else could some 
of these plants have flourished. But their mineralized 
remains are now coyered, in some places, bj thousands 
of feet of sandstone, clayshale, and other earthy matter, 
thrown down upon them by water, as the stratum which 
jaupported them sank to a lower level; and in many 
instances they are, at this moment, continued under the 
sea. Such a proof of great downward movement is 
absolutely incontestible ; it is as conclusive as is the 
evidence of a like upheaval which is furnished by 
various mountain masses, filled from top to bottom with 
the remains of marine animals. But the proofs of a 
fiubsidenoe of the land, during the drift period, to such 
an extent as would bring down to the sea-level those of 
our valleys which exhibit the marks of having been 
worn by glacier action, although sujfficient, are not of 
this striking kind. We have seen that shells, of species 
now living, are found in the drift in the middle of 
England, at the height of 350 feet above the sea. Mr. 
Darwin, directing attention to the blocks of stone from 
distant localities which are scattered over the midland 
counties^ has pointed out a large greenstone boulder, 
seemingly from Wales, upon Ashley Heath, in Stafibrd- 
shire, at an altitude of 803 feet.^ This marks, of 
course, a former subsidence to something very consider- 
ably more than that extent ; for most certainly the sea 
was the means of its transport, and an ice-rafib the only 

^ OeologiccU Observer, T^. Zlls 
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conceivable buoy; and if so, there must have been some 
depth of water to float it, since ice, without any addi- 
tional burden of stones, requires it. The same compe* 
tent judge infers from other datA, that Scotland was at 
that time submerged to a depth of at least 1,300 feet* 
But Mr. Trimmer has made evident a greater depres- 
sion still. He discovered this peculiar formation, the 
Northern Drift, with the marine fossils which here and 
there accompany it, at the height of very nearly 1,400 
feet, upon Moel Tryfane, a mountain near the Menai 
Straits, in North Wales ; thus demonstrating the fact 
of this subsidence at the proper geological period, and 
on • the very spot required to make good our present 
argument ; for among the adjoining Snowdonian moun- 
tains are some of the glacier valleys, whence, as is 
concluded, a part of those ice-bergs issued which dis- 
tributed a portion of this deposit over the submerged 
surface of our island ; and a stratum lodged at an alti- 
tude of 1,400 feet must afford good evidence, as was 
just now said, of a depression of greater amount. It is 
of this district Mr. Darwin is speaking, where he says,^ 
" We have the clearest proofs of the existence of glaciers 
in this country; and it appears that, when the land 
stood at a lower level, some of them, as at Nant 
Francon, reached the sea, where ice-bergs charged 
with fragments would occasionally be found. By this 
means, we may suppose, the great angular blocks of 
Welsh rocks, scattered over the central counties of 
England, were transported." 

Scotland affords evidence of a like submergence as 
conclusive in its character as this of Wales.^ Here 
these erratics, or travelled blocks, have been oftentimes 

^ Geological ObserveTf p. 312. ' Sir C. Lyell, MantuU, p. 131. 
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carried over the country to the south of their parent 
rocks^ in such a manner as to show that their course 
was not in the least affected hy the hills or valleys 
which intervened. This proves that they were borne 
along by some carrying power which was independent 
of such irregularities of surface. Had a rush of water 
been the means of their transport, they would not have 
been left upon the side of a hill, as many of the largest 
of them are, quite as often as they found their way to 
the bottom of the vaUeys : there would have been some 
proof, at all events, of their having been sorted accord- 
ing to their size : the stream must have dropped those 
£rst that were the most ponderous — ^but this is not so. 
The Grampian mountains rise to the height of 3,000 
feet and more. Between that range and the Sidlaw 
hills, which are to the south of it, is the great vaUey of 
Strathmore. Across this deep depression, for a dis- 
tance of fifteen miles, huge fragments of rocks, some of 
them fifteen feet in diameter, have been carried, to be 
lodged on the very summit of the opposite heights, at 
least 1,500 feet above the level of the sea, while others 
are scattered over the low country which is intermediate. 
There can be no mistake as to the original of these 
blocks ; for they are of the same mica-schist as is found 
in the Grampians, while their present resting places, 
the Sidlaw hills, are of sandstone and shale. Still 
fiurther south, upon the Pentland hills, may be seen a 
mass of mica-schist, weighing from eight to ten tons, 
at an altitude of 1,100 feet above the sea. This huge 
fragment must have travelled fifty miles, as there are 
no rocks of the kind within that distance. 

Sir H. De la BSche, in his " Geological Observer," ^ 

1 Pa€:e 301. 
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has given a map of the land which would remain ahoTe 
the water, supposing the British Isles were depressed a 
thousand feet below the level at which they now stand. 
** And it should be noticed/' he says, " that of a sub- 
mergence to this, and even a greater amount, at a 
comparatively recent geological period, there would 
appear to be good evidence." The whole of Great 
Britain was then represented by three or four groups, 
or rather, perhaps, a chain, of islands (see Map II.), five 
of some little extent — ^thougk none of these equalled in 
size our largest English county, Yorkshire — while the 
others ranged from an area somewhat larger than that 
of Anglesea, to a mere speck in the water. But no 
conformation of the dry land could be more favourable 
for the supply of ice-borne fragments than the one thus 
presented to us. Only let it be shown that the climate 
of these mountainous islands was such as. is required 
for the formation of glaciers in valleys reaching the sea, 
and it would need no stretch of the imagination to picture 
the surrounding water as teeming with rafts so laiden, 

Now we have seen that the heaping together of a 
very recent formation — the Boulder Drift — was con- 
temporary with a depression of the land. And it can 
be proved, by evidence which shall be considered pre** 
sently, that this drift was accumulated during the 
prevalence of a degree of cold, considerably greater than 
that which is at tliis day experienced within the same 
area. This depression of the land then — and con- 
sequently a sea studded over with islands in the place 
of Great Britain — ^was also contemporaneous with that 
prevalence of cold. It is highly probable, therefore, 
that the glacier markings, the grooves, and striss,; and 
smoothed surfaces, which are so conspicuous in some of 
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the valleys of Wales, the north of England, and Scot- 
land, are likewise to he ascrihed to that period. For, as it 
cannot be doubted that they were produced by ice, so it 
is only reasonable to refer them to the most recent time 
in which the needful cold is likely to have been found 
there; since scratches upon exposed surfaces of rock 
cannot last for ever, inasmuch as the hardest stone 
yields by degrees to atmospherical influences. 

But diat the drift and these island glaciers were reaUy 
connected, another, and, as it should seem, satisfactory 
proof may be offered. The stones and grit which are 
frozen into glacier-ice score and scratch the sides and 
bottom of the glacier valley. These stones, as a matter 
of course, are scored and scratched in turn. The waves 
of the sea roll the stones which are brought within their 
influence, rounding off their angles, and smoothing the 
Bur£a,ce ; but glacier action ofi;en leaves one side flat, 
with parallel lines cut into it. Wherever, then, glacier 
fragments present themselves in an unrolled condition, 
there striated blocks may be looked for. Doubtless 
there are multitudes of stones which have once borne 
such marks, from which subsequent rolling by moving 
water has obliterated them. But others would escape 
such rough treatment, so as still to tell the history of 
their former life. The drift, then, affords these charac^ 
teristic stones in quite as great abundance as could have 
been expected. The fragments of rock in the Norfolk 
Drift, says Mr. Trimmer, are, " often little waterwom, 
but much scratched." ^ " It is by no means rare," Sir 
C. Lyell tells us, ^' to meet with boulders imbedded in 
drift which are worn flat on one or more of their sides', 
the surface being at the same time polished, fturowed, 

1 Jowm, R07. Agri. Soc. vol. vii. part 2, p. 461. 
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and striated." ^ These marked stones point directlj and 
distinctly to glacial action. And since, as in tbe 
engraving on the die and the head on the medal, the 
scored rock and the striated houlder hear mutual testi- 
mony to a relationship between them, it is scarcely to he 
doubted that glaciers occupying the valleys of islands, 
under the circumstances which have been pointed out, 
supplied a portion of the drift of our eastern counties. 
The presence of chalk flints among it has already 
been partly accounted for ; and their special means of 
transport will be considered hereafter. 

But it is desirable that we should understand the 
grounds on which it is concluded that the period here 
spoken of was one of considerable cold. The concho- 
legist, then, is quite competent to pronounce upon the 
general temperature of any region which furnishes him 
with a pretty full collection of its shells. The drift, it is 
true, ifi not prolific in fossils : it is only here and there 
that it yields shells ; but, wherever they appear, they 
have a very decidedly northern aspect : as a group they 
belong to a colder region than that in which they are 
now fbund.^ It may be safely laid down as a general 
rule that, in proportion to the greater degree of cold in 
the seas which they inhabit, the number of different 
species of mollusks will be smaller: there may be a 
great abundance of individual shells, but no great 
variety of kinds. It is in the more genial climates that 
nature is lavish of form and colour. Our own seas at 
this moment are not distinguished either for the number 
of species, or for the beauty of the shells which they 
produce. But the late Professor Edward Forbes --the 
highest authority upon such a subject — has shown that 

1 Manual, p. 143. > Sir C. Lyell, Manual, p. 132. 
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the boulder deposit in Scotland, Ireland, and England 
makes it sufficiently manifest that, at that period, the 
number of different species of shells was greatly smaller 
in the seas beneath which it was accumulated than they 
are known to be at present in the British seas ; and 
that the homely shells of a more arctic climate were 
those which were most abundant, and most widely 
spread, through the whole of the drift from north to 
south. 

The argument in support of the conclusion that a 
rigorous climate obtained in this part of the world at 
the period when this deposit was being thrown down has 
lately received a very interesting confirmation.^ The 
formations which in England precede the Norfolk drifib 
are, in the descending order, the Norwich, Ked, and 
Coralline Crags. Beoent investigations have enabled 
geologists to prove that, during the time when these 
several strata were accumulating, the climate was gra- 
dually changing from a warm to a cold one. Sir C. 
Lyell ^ has given some tables, framed from Mr. Searles 
Wood's " Monograph on the Crag and Upper Tertiary 
Shells of Britain," by which it appears that while the 
Coralline Crag yields 327 species of shells, and the 
Red Crag, which is next above it, 225, the Norwich 
Crag, which is immediately below the Drift, and so, as 
it were, introduces it, furnishes no more than eighty-one 
species. These facts, according to the rule already laid 
down, would of themselves afford good reason for 
believing that, from some cause or other, a much lower 
temperature prevailed during the period represented by 
the latter than by the former accumulations. But, in 
truth, these three groups of shells give evidence ini 

* Sir C. Lyell, Supplement to Manual, 1858. ' Ibid. p. 5. 
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support of this conclusion of a kind still more direct. 

"While of the recent species of shells found in the 

lowest of these Crags there are not two in a hundred 

which are at this day peculiar to latitudes more to the 

north than England, and in the middle deposit there are 

about six per cent, only, in the upper, or Norwich 

Crag, which came immediately before the Drift, the 

northern species increase in number to more than 

seventeen per cent. Nor does any such statement of 

the increasing number of northern forms, though very 

expressive, give the full value of the evidence adduced. 

" It is," says Sir C. Lyell,^ " the predominance of 

certain genera and species which satisfies the mind of a 

conchologist as to the arctic character of the Norwich 

Crag." And he thus sums up on the facts which were 

before him to that time — 1857. " In conclusion, it 

may be observed that the cold, which had gone on 

increasing from the time of the Coralline to that of the 

Norwich Crag,iContinued, though not perhaps without 

some oscillations of temperature, to become more and 

more severe after the accumulation of the latter, until 

it reached its maximum in what has been called the 

Glacial epoch. The marine fauna of this last period 

coutains, both in Ireland and Scotland, recent species 

of mollusca now living in Greenland and other seas far 

north of the areas where we find their remains in a 

fossil state," 

There are yet other phenomena connected with the 

drift which still lead to the conviction that it is a 

glacial deposit; and we must trespass on the reader's 

patience while we pass them under review. But it 

^ill be more convenient to consider them iu another 

Chapter. 

1 Sir C. Lyell, Supplement to Manual, p. 5. 
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CHAPTER VIII. 

FSirther proofs of glacial action at period of Boulder Drift — 
Scoring of rocks beneath Drift — Rounding of pinnacles of 
rock — Chalk too soft to retain such marks—But Drift much 
disturbed, probably by means of ice — Ice>bergs of present 
day displacing drin — Flints of eastern counties dropped by 
coast-ice. 

It is well known that much the larger part of every 
ice-berg, as it floats, is beneath the water. In each 
particular instance, the proportion of the one part to 
the other will depend more or less upon the com- 
parative solidity of the mass, since it may be of a 
compact texture or the reverse; and also upon the 
quantity of heavy material, stones and dirt^ which it 
may chance to carry ; for it must not he forgotten that 
such detritus may be mixed up with the ice through a 
great part of its substance, and, if so, would sink it 
considerably lower in the water than if it were free 
from such additional weight. But, approximately 
speaking, there are six, and occasionally eight times 
as much ice under the water as is visible above it. 
Now, as there is often a thickness of from one to two 
hundred feet exposed — ^that is, the height of an or- 
dinary, or of a lofty church steeple — there must be from 
six to sixteen hundred feet out of sight. The con- 
sequence is, that ice-bergs frequently run aground, 
especially as they approach a coast. It is easy to 
conceive that, under these circumstances, having been 
urged along by the wind in one direction for hundreds 
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of miles, perhaps, the momentum they acquire must be 
immense, not a few of them being several miles in cir- 
cumference.^ Many of those carefully measured by 
the officers of a late exploring expedition were fiom 
two to five miles in length, and one was seen that was 
ascertained to be thirteen miles long. When, with all 
this enormous foroe, they strike and grate along the 
floor of the sea, if it should chance to be rocky, they 
smooth and polish it, at the same time cutting, deep 
furrows and grooves upon its surface, often in parallel 
lines, by means of the fragments of stone which happen 
to be scattered about, or which they carry with them 
frozen into the lower part of their mass. 

Now the Boulder Drift in many parts of the northern 
hemisphere — for it is, by no means confined to our 
islands — rests upon hard rocks of granite, gneissj 
marble, and other stone, which, when protected from 
the disintegrating influences of the atmosphere, are 
capable of retting permanently such marks when 
once they have been made upon them,^ and it is found 
that they afford abundant evidence of having been 
subjected to this grinding and scoring process; they 
present a smoothed or a polished surface, with scratches 
and parallel flutings, which often extend for a long way 
together in the same direction. This is what might be 
expected, from the great size of the ice-bergs ; as, when 
once fully in motion, such huge floats would hold on in 
the same course without being turned from it by minor 
impediments, or any small amount of friction. If, on 
the contrary, it be supposed that these marks were left 
by stony fragments driven over the face of the rocks by 
some powerful rush of water, it will be difficult to 

I Sir C. LyeU, Manual, 128. « Ibid, 127, 
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account for their veiy frequent persistence in a straight 
line ; since blocks of stone of such a size as are usually 
seen in juxtaposition with these marks, if merely so 
whirled along, would be every moment liable to be 
turned aside by any irregularity of bottom. 

The travelled boulders, and fragments of rocks 
which are scattered over such scored surfaces, and the 
shells which are occasionally associated with them, 
prove clearly that the whole has risen from beneatli the 
waters.^ If we suppose, as the facts seem to indicate 
very plainly, that there was first a subsidence of the 
land, and that this operation was a slow one, similar to 
that which is at this moment going on in Greenland, 
there will be no difficulty in accounting either for the 
wide extent, of this phenomenon, or for the circum- 
stance of the marked surfaces being covei'ed almost 
everywhere with drift, subsequently thrown down upon 
them. As the land was being gradually let down by 
volcanic influences, at work at, perhaps, an immense 
depth underneath, every portion of it, as it descended 
below the sea level, would be successively subjected to 
the action of the floating masses of ice, to be scored 
or smoothed according to circumstances. At length, 
however, it would be depressed to such a depth as to 
be no longer within reach of this kind of violence; 
and then it would be gradually covered up with the 
materials, stones and dirt, which might be disengaged 
from the melting ice floating about in the sea above. 
When the whole was again upheaved, the appearances 
would be in all respects such as are now observed. 
But a great lapse of time would seem to be required to 
account for the general prevalence of these striated 

1 Sir C. Lyell, Manual, U2. 



104 Geology in the Garden, 

surfaces: it does not seem probable, scarce! j possible, 
that they could have resulted from any transient rush 
of water, however much laden the wave might be with 
stones, or however rapid its motion. " No flood of 
water, however violent, or however great the quantity 
of detritus, or size of the rocky fragments swept along 
by it, could produce," says Sir C. Lyell,^ ** such long, 
perfectly straight and parallel furrows, as are every- 
where visible in the Niagara district, and generally in 
the region north of the fortieth parallel of latitude." 

And the same observation will equally apply to 
another phenomenon which has been noticed in con- 
nexion with the drift.2 Whether the current which 
brought these boulders was a permanent ocean stream, 
like that which sets southward through Davis's Straits,* 
and is every day doing the same work, by floating 
down heavily-laden ice-bergs from the west coast of 
Greenland ; or whether it depended upon a prevailing 
wind ; or whatever might be the propelling power, it is 
certain that it was from the north. Now it appears 
that, in Norway and other parts, such pinnacles and 
abruptly terminating ridges of rock as face the north 
are smoothed and scored on that exposed front, while 
on the south, or side turned away, and so protected 
from such attrition, they exhibit no such appearances ; 
but tiiat here, instead, are heaped up unrolled frag- 
ments, boulders and gravel, just such debris, in short, 
as was likely to be collected together where, under the 
lee of these buttresses, some of the ice-floes might 
remain stationary, to melt, and so deposit their loads. 
The same natural operation is going on now wherever 

1 Manwd, 142. « Ibid. 129. 

> Lord Dufferin'8 ''Letters from High Latitudes/' p. 263. 
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the conditions of the various agents are suitable. 
" M. Frapolli," says Sir H. De la Beche, " calls at- 
tention to the effects of coast ice armed with blocks and 
pebbles of rock, driven about in numerous fragments 
by the storms of winter and spring, and grinding 
against the cliffs of Scandinavia, polishing and scratch- 
ing the rocks, according to their surfaces and position ; 
the cliffs being scratched in horizontal lines aJong the 
fiords, and in other similar positions." 

That some pinnacles of rock might, under peculiarly 
favourable circumstances, have been rounded, polished, 
and scored by a passing torrent, hurrying along with it, 
in great abundance^ stones of all sizes, may, no doubt, 
be possible ; that such memorials of sudden violence 
should be left, as frequently occurring features in a. 
countiy, by any wave of that kind, seems scarcely pro- 
bable ; like the grooving of the rocky floor beneath the 
drift, it must be supposed to have been the work of 
ages, when, year after year, for many centuries together 
it may be, a relative level of sea and land, a suitable 
climate, and other conditions, not now existing, perhaps, 
in the same parts of the world, combined in affording 
all the means required for the production of such 
phenomena. 

The drift which contains chalk flints in Norfolk, 
Suffolk, Essex, and the neighbouring counties — ^with 
which we are more particularly concerned — rests on no 
surface harder than the chalk ; and it cannot, therefore, 
be shown, b^ precisely such evidence as has just been 
glanced at — the polishing and grooving of the rocks 
beneath it, for instance — ^that it was deposited by melt- 
ing ice. But it agrees so enthrely, in its main charac- 

1 Oeol. Observer, p. 283. 
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teristics, with those portions of the formation which are 
found in localities that do afford these proofs^ that there 
can scarcely he a doubt as to the identity of the carry- 
ing power which left them both where they now rest. 
The mere circumstance that the one as well as the 
other is remarkable for a heterogeneous assemblage of 
travelled blocks, indiscriminately mixed up wit^ it, 
evidently from very different sources and distances, 
occurring as often on or near the 6urfa<!e as lower down 
in it, and in juxtaposition with the finest, as commonly 
as with the coarser detritus, points very significantly, as 
has been already shown, to some mode of transport by 
which the sorting power of moving water was avoided 
in both cases alike. And it has been seen that, in the 
one case, there is good proof, from the " written rocks " 
beneath it, that floating ice was the means of convey- 
ance. Still the drift of our eastern counties, laid open 
to observation for many miles where the sea is under- 
mining and removing the cliffs on both sides of Cromer 
in Norfolk, displays so great an amount, and such a 
peculiarity of derangement, as seems not easily accoimted 
for in any other manner than by supposing it to have 
been subjected to the action of ice-bergs which, taking 
the ground amid the deposit, crushed and drove it in 
heaps before them, while it was in a loose and incohe- 
rent state. Sir C. Lyell, having made this matter a 
subject of special inquiry, has thus given us his thoughts 
upon it in the last edition of his Manual.^ After point- 
ing out that the chalk bottom, and the layers of the 
drift immediately above it, have not been disturbed, 
while the strata over these have been strangely displaced 
and contorted, he says, '^ We are called upon, then, to 

1 Fw;e laa. 
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explain faow any force can have been exerted against 
the upper masses, so as to produce movements in which 
the subjacent strata have not participated. It may be 
answered, that if we conceive the Till and its boulders 
to have been drifited to their present place by ice, the 
lateral pressure may have been supplied by the strand- 
ing of ice-islands. We learn from Messrs. Dease and 
Simpson, that in the polar regions, such islands, when 
they run agroimd, push before them large mounds of 
shingle and sand. It is, therefore, probable that they 
often cause great alterations in the arrangement of 
pliant and incoherent strata forming the upper part of 
shoals or submerged banks, the inferior portions of the 
same remaining unmoved. Or, many of the complicated 
curvatures of these layers of loose sand and gravel may 
have been due to another cause, the melting on the 
spot of ice-bergs and coast ice in which successive 
deposits of pebbles, sand, ice, snow, and mud, together 
with huge masses of rock fiEdlen from cli£Ps, may have 
become interstratifled. Ice-islands so constituted often 
capsize when afloat, and gravel, once horizontal, may 
have assumed, before the associated ice was melted, an 
inclined or vertical position. The packing of ice forced 
upon a coast may lead to similar derangement in a 
frozen conglomerate of sand and shingle ; and, as Mr. 
Trimmer has suggested, alternate layers of earthy 
matter may have sunk down slowly during the lique- 
faction of the intercalated ice, so as to assume the most 
fantastic and anomalous positions, while the strata below, 
and those afterwards thrown down above, may be per- 
fectly horizontal." 

" There is, however, still another mode," continues 
the same high authority, ''in which some of these 
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bendings may have been produced. When a railway 
embankment is thrown across a marshy or across the 
bed of a drained lake, we frequently find that the foun- 
dation, consisting of peat and shell-marl, or of quick- 
sand and mud, gives way, and sinks as fast as the- 
embankment is raised on the top. At the same time, 
there is often seen at the distance of many yards, in 
some neighbouring part of the morass, a squeezing up 
of pliant strata, the amount of upheaval depending on 
the volume and weight of materials heaped upon the 
embankment. In 1852, I saw a remarkable instance 
of such a downward and lateral pressure, in the suburbs 
of Boston, U;S., near the South Cove. With a view of 
converting part of an estuary overflowed at high tide 
into dry land, they had thrown into it a vast load of 
stones and sand, upwards of 900,000 cubic yards in 
volmne. Under this weight the mud had sunk down 
many yards vertically. Meanwhile the adjoining bot- 
tom of the estuary, supporting a dense growth of salt- 
water plants, only visible at low tide, had been pushed 
gradually upward, in the course of many months, so as 
to project five or six feet above high-water mark. The 
upraised mass was bent into five or six anticlinal folds, 
and below the upper layer of turf, consisting of salt- 
marsh plants, mud was seen above the level of high 
tide, full of sea shells. In some of these beds the 
layers of shells were quite vertical. The upraised area 
was seventy-five feet wide, and several hundred yards 
long. Were an equal load, melted out of ice-bergs or 
coast ice, thrown down on the floor of a sea, consisting 
of soft mud and sand, similar disturbances and contor- 
tions might result in some adjacent pliant strata, 
yet the underlying more solid rocks might remain 
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undisturbed; and newer formations, perfectly hori* 
zontal, might be afterwards superimposed." 

It will be observed by the reader that, whichever of 
these hypotheses may be adopted as the most probable, 
still ice is the agent, in part or altogether, by which 
the effects are supposed to have been produced; and 
there is no reason why the several forces may not all 
have been in operation at the same time. 

That such displacements in strata, which might other- 
wise have been horizontal, are being wrought at this 
•present time where ice-bergs are driven upon a bottom 
of soft mud, is certain. In the paragraph quoted above. 
Sir C. Lyell refera to a remarkable instance of this 
kind which came under the observation of Messrs. 
Dease and Simpson. He had called attention to it 
fifteen years ago with somewhat more particularity. 
" In the account given of their recent arctic disco- 
veries," he says, **we learn that, in latitude about 
seventy-one degrees north, longitude one hundred and 
fifty-six degrees west, they found a long low spit, 
named Point Barrow, composed of gravel and loose 
sand, in some parts more than a quarter of a mUe 
broad, which the pressure of the ice had forced up into 
numerous mounds, that, viewed from a distance, assumed 
the appearance of large boulder rocks." * He adds that 
so many proofs have come to his knowledge of the 
manner in which masses of ice, even of moderate size, 
in the Baltic, and still more in the Gulf of St. Law- 
rence, push before them large heaps of boulders, that 
he cannot doubt that considerable flexure and disloca-r 
tion are so produced under favouring circumstances. 

The observations of Sir H. De la Beche upon this 
» Lond. and Edinbr. Phil, Mag. No. 104. 
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whole subject must not be passed over.^ ^' The 
northern ice-bergs/' he says, ''must be regarded as 
the great carriers of rock fragments, often of great 
size, from the lands where the bergs have been formed 
as portions of glaciers, over a part of the Northern 
Atlantic, distributing them upon the bottom in various 
directions, and upon parts of it to which no other cause 
now contributes detritus. Blocks and minor fragments 
may even be thus dropped upon bare rocks beneath, 
and upon every kind of inequality. Should a constant 
supply of block-bearing ice-bergs, regarding the subject 
generally, be thrown into any constant current, cor- 
responding lines of deposit would result, assuming the 
melting of masses of ice, of various sizes, at different 
times and distances during their progress in such 
current ; these lines having no reference to the form of 
the bottom, or its modifications from any other deposits 
accumulated now, or at previous geological times. 
Stranded near shores, or upon mud or sand-banks, 
these, though somewhat deep in the sea, catching Iheir 
submerged portions, ice-bergs would tend much to 
disturb detrital deposits beneath them, particularly 
when moved by the waves produced during heavy gales 
of wind, as also by the rise and fall of tides. The 
heavy thumping of such huge masses, as some of these 
ice-bergs are, would cause great derangement of deposits 
effected tranquilly; and, in many situations, blocks 
and fragments of rock, with gravels, sands, and clays, 
would be irregularly mixed by the application of such 
force — singular intermixtures, and contortions of any 
previously bedded structure being produced. The 
ice-bergs which ground upon the banks of Newfound- 

1 Geological Observer, p. 265. 
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land can scarcely &il to produce much disturbance of 
the bottom^ often adding to it great blocks and minor 
fragments of rocks, borne bj them from more northern 
regions/* " Mr. Couthouy, in the ' American Journal of 
Science/ " he adds, " mentions having seen, in Septem- 
ber, 1822, a large ice*berg aground on the eastern edge 
of the Great Bank of Newfoundland, and considered to 
be in about 720 feet of water, the soundings three 
miles inside giving 630 feet. A fresh wind from the 
eastward kept forcing it on the bank, the sea causing 
it to rock with a heavy grinding noise. On another 
occasion, August, 1827^ he observed another ice-berg 
aground upon the Great Bank, in between 480 and 
520 feet water. The huge mass rocked with the 
swell going at the time, and even turned half over 
when struck by the breakers. The sea, for about a 
quarter of a mile round, was discoloured by mud, 
worked up from beneath. Above water, the ice-berg 
was 50 to 70 feet high, and about 1,200 feet long. 
It suddenly fell over on its side, with much disturbance 
of the sea." 

Facts of this kind need little comment: everybody 
must at once perceive their bearing upon such a question 
as the one now before us. Let us suppose, for a 
moment, that the last-mentioned ice-berg, having taken 
the ground completely, and become fixed, had slowly 
melted on the spot, and that the sea-bottom, which had 
been subjected to the process just described, had after- 
wards been upheaved. We could hardly conceive a 
more accurate counterpart of the contorted beds of the 
Norfolk Drift than the one which might Ihus be pre- 
sented to us. The strata under this ice-berg, upon 
which it had been forced — and it was by no means an 
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unusually large one, we should remember — ^must have 
been strangely displaced by such violent treatment, as 
the discoloured sea around it sufficiently indicated. On 
either side of such a breakwater would probably have 
run a strong current, sorting the disturbed materials 
which xame under its influence, and arranging them in 
beds of some regularity according to their size. In 
front of it there would be a mound, of confused sand 
and gravel, perhaps, pushed up by the ice-berg as it 
was forced on the bank by the wind ; and this would be 
covered with a deposit of the finer matter, which had 
settled in the quieter water. Above the whole might 
be more or less spread out, or might sink down without 
much derangement, the detritus, large and small, which 
would be gradually disengaged from the melting mass. 
Here, then, would be in juxtaposition a heterogeneous 
mixture of materials in the utmost confusion, and beds 
of gravel, sand, and clay, without any peculiar rush of 
water, or unusual wave of any kind. 

While upon this subject we may take the opportunity 
of saying a few words upon the means by which, as 
seems likely, the ffints were deposited in the beds of 
drift in our eastern counties. It has already been 
mentioned, that the chalk formation which supplies 
them reaches the surface along the whole of the northern 
and western boundaries of this district. The ice-stream, 
as we have seen, came from that quarter, and so 
ran in the right direction to bring them. It is not 
necessary to suppose, however, that glacier-ice, or ice- 
bergs properly so called, were the means of their trans- 
port. None of our chalk hills were ever high enough, 
it may be, for the production of glaciers ; ^ but wherever 

^ Geological Observer, p. 312. 
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chalk made part of the coast of the glacial sea, ice-floes 
might fonn upon the shores, and under the cliffs, and, 
whenever there was a covering of clay and sand upon 
the chalk, might pick up just such materials as are 
found in the marl and clay pits of Essex, — a mixture of 
chalk and siliceous matter, in varying proportions, with 
flints of all sizes, rolled and unrolled, distributed, irre- 
spectively of their weight, through the whole. 

The carrying away by such coast ice of detritus which, 
when shot down upon the sea-bottom, would have all 
the character of the Drift, is an operation that may be 
witnessed at the present moment in many parts of the 
world. Even heavy fragments of stone may be thus 
deposited in deep water. "A good example of the 
removal of a block of rock by coast ice, so &r from the 
polar regions as Denmark," says Sir H. De la Beche>^ 
" is mentioned by Dr. Forchammer ; who states that 
one, about four or five tons in weight, was encased in 
coast ice during the winter of 1844, and carried out to 
sea with the ice in the following spring, leaving, as it 
moved seaward, a deep fuirow in the sandy clay of the 
shore, not quite obliterated six months afterwards." 
We may safely conjecture that no small freight of this 
sand and clay was picked up by such a floe as it froze 
in contact with them ; and that, whenever the ice had 
so isx melted that its buoyancy was no longer equal to 
the load it carried, the whole would sink down together, 
to leave on the bottom a confused deposit, unless the 
various materials chanced to be more or less completely 
sorted and stratified, as they found there a current fitted 
to produce such an effect. 

^ Geological Observer, p. 286. 



in Geologp in the Garden^ 



> CHAPTER IX. 

Boulder Drift oocura on Continent of Europe — and in North 
Amerioar— Strata in various countries how known to be of same 
a^e — Four tests — Superposition — Mineral character — Foesiki 
— Included fragments— Northern Drift of several countries 
proved to be of same age by fossils — ^Boulder Drift of North 
of Europe — Of United States and Canada — ^No boulder drift 
in equatorial regions where ice is wanting — Boulder Drift of 
Alps — Such drSt everywhere associated with glacial pheno- 
mena — ^Therefore the result of glacial action. 

What has been hitherto said upon the subject of the 
Northern Drifts applies chiefly to that extensive forma- 
tion as it appears in our islands. But the subject would 
be hardlj placed before those who are otherwise unac- 
quainted with it in so prominent a point of yiew as its 
great interest demands, if nothing more were here said 
of its prevalence, and mode of occurrence, in the North 
of Europe and North America. There, in two different 
quarters of the world, over wide-spread regions, a de^ 
posit, perfectly similar in its leading characteristics to 
that of England, was thrown down contemporaneously 
with it, and it cannot be doubted bj the same agency. 

But before we go further it may be as well to explain, 
rather more fully than we have done, how it is known 
that strata found in countries so far separated from one 
another are of the same age, that is, were deposited at 
about the same time. 

There are several tests, then, by which the relative 
age of water-strewn beds of materials may be deter- 
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mined :^ — ^namely, 1st, superposition; 2ndly, mineral 
character ; drdlj, fossils, or organic remains ; and 4thlj, 
included fragments. I. The use of the first of these 
tests is obvious. Where strata have remained undis- 
turbed, the uppermost of the series was, of course, the 
last thrown down, and is the newest ; while that which 
is lowest, as is equally evident, must be the oldest of the 
whole. II. The mineral composition of beds is no 
absolute test of relative age ; because the same ingre- 
dients being deposited under similar circumstances, the 
same kind of rock would be the result ; and this may 
of course happen at any time. But, practically, this 
means of discrimination is of great use to the geologist, 
as it is found that a recurrence in the series of two rocks 
exactly alike in mineral character is not very common. 
III. Animals and vegetables, of which fossils are the 
remains, are, as most persons know, separated by 
natural distinctions into genera and species. The wolf 
is of the same, genus as the fox, and the apple is of the 
Tsame genus as the pear; but in either case the species 
is different. Under the same head, or genus, many 
different species may be included : the sloe, the cherry, 
the apricot, and the two well-known evergreens, the 
common laurel and the Portugal laurel, are all plums : 
they are of different species, but not of different genera : 
they are related to one another by many common 
characters; but they are severed by specific peculiarities. 
Now it has been established beyond all doubt that, just 
as individual animals and plants have died, so entire 
species and genera of both the one and th^ other have 
passed away. And it has never happened that, having 
thus come to an end, they have reappeared. Othex* 

i Sir C. Lyell, Mcmual, p. 98, 
I 2 
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genera and species have been created to take their 
place, and keep the earth's ever varying surface suitably 
iumished ; but when once a species or a genus ha6 
arrived at the end of its life, as it may be called, that 
same kind has never been called into being again. 
The consequence of this general law by which the Great 
Creator is pleased to act is, that from the lowest depths 
upwards, the strata, in which are entombed, the relics of 
all this variety of animal and vegetable life, are for the 
most part easily distinguished from each other* No 
palseontologist could look at three groups of fossils col- 
lected respectively from the Primary, Secondary, and 
Tertiary strata, and doubt for a moment from which of 
those three great divisions of the earth's crust each 
assemblage came, so entirely would they differ the one 
from the other. And this same test is equally valuable 
for the discriminating of the beds into which these 
greater divisions may be severally subdivided. Thus 
the Lias and the Chalk are two formations — the former 
from near the bottom, the latter from the top — of the 
same, that is of the Secondary series; yet fair selections 
of the prevailing organic remains from the Lias and the 
Chalk respectively, would be marked by such a variety 
of forms peculiar to each, that the proper plcice of the 
beds which produced them could be unfaiUngly assigned. 
It is a well-known and most apt illustration of the 
value of fossils in thus determining the relative age of 
the strata, to liken them to coins struck at different 
periods. As these fix the date of events occurring in 
the history of mankind, so those establish the chrono- 
logical position of the various groups in the succession 
of living organisms ; and they are therefore called the 
medals of creation. lY. Included fragments constitute 
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the last test to be mentioned. The earth's crust, as we 
have seen, has been, and still is, subjected to movements 
from beneath, by which a fossil-bearing stratum, formed 
at the bottom of the water, may be upheaved to become 
part of an island or continent, whose cliffs, worn away 
by the waves, may go to make up a new bed in the sea 
adjoining. If this deposit should ever be upraised, a 
single enclosed fragment which contained fossils peculiar 
to the prior formation, would at once fix the relative 
age of the two beds. 

To prove that the Boulder Drift strata of the North 
of Europe, North America, and the British Isles, 
were in the course of deposition at the same time, the 
third only of these tests need be applied : that fact is 
established by the fossils they contain. 

Organic remains, as we have already said, are by no 
means common in the Drift. There may be many 
which have been washed into it from earlier formations — - 
Bfi, for instance, the flint fossils from the Chalk ; but 
those which properly belong to it have been found but 
in few places. Their scarcity has been referred to the 
prevalence of cold at that period, and to the probability 
that the shallower parts of the sea might be freshened 
by the melting of numerous ice-bergs. The fish in the 
fiords of Norway are sometimes thus destroyed, and 
famine has been caused among the people of Iceland 
by the stranding of ioe-bergs on its coast, which have 
not only so chilled the air as to interfere with their 
hay-harvest, but have also rendered their sea unpro- 
ductive by cooling and freshening its waters.' The 
few fossils, however, which the Boulder Drift furnishes 
refer it, in every country where it is found, to the 
* Sir C, Lyell, MantuUf p. 144. 
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Newer Pliocene or Pldstocene period, — ^that, coni» 
paratively speaking, very modem period which all hut 
immediately preceded the present. This latter is called 
the Post-Pliocene Period, and consists in part of beds 
thrown down since man was created, which beds con* 
tain no remains of any animal or plant which is known 
to have been extinct before that epoch. The deposits im- 
mediately below these are the earlier accumulations of the 
same period. All the shells they furnish are of species 
now living, though some of them no longer inhabit 
precisely ^e same localities as of old : they are, there** 
fore, said to be locally extinct. Associated with them 
are bones of a few kinds of mammals, which are no 
longer in existence; for the continuance of a species 
among the vertebrate, or highest orders of animal life^ 
is not so long as it is among mollusks. We have 
descended now to the Pleistocene Period — ^that of the 
chief part of the Drift — ^the very commencement of 
which must be regarded as, geologically speakings 
distant from ours but as yesterday; though when thai 
interval is measured by comparing it with the few 
thousand years during which man has been upon the 
earth, a vista is presented to the mind's eye of a 
length which we are not, perhaps, accustomed to con<» 
template. However, the fossils of the greater portion 
of the Drift, whether in our own country, in the North 
of Europe, or in North America, are of this age, atui 
afford good evidence that the formation was aocunm-* 
lating in those different regions at the same time.* 
Everywhere it occupies a superiScial position, which is» 
of course, in strict agreement with what might have 
been expected from these imbedded remains, and, like 
1 Sir C. Lyell, Manual, p. 138. 
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them, points to the contemporaneous late origin of the 
whole. We are now to give a brief account of it, as it 
is seen on the continents to the east and west of us* 

If two persons were to set out from Berlin, the one 
to make a geological excursion through Denmark and 
Sweden, while the purpose of the other was to find his 
way to Archangel with the same object in view, agree* 
ing to meet again at Stockholm, both the one and the 
otbear, in the course of their journey, would meet with 
many fragments of rock scattered on the surface, or 
mixed up with the soil to a certain depth, which in 
both cases must needs have been brought from great 
distances, as no rocks of a like kind, from which they 
eould have been detached, are to be found within 
hundreds of miles of the coimtries through which they 
were passing. In many respects the formation of 
which these rolled and unrolled stones were evidently 
an integral part, would have been found by each of 
them to have presented similar characters. Mud, sand^ 
€r clay, sometimes more or less stratified, sometimes 
in a confused mass, would have been the chief materials 
of it* 

As ^Sassj travelled northwards, the blocks of stone 
would meet them in greater numbers, and of larger 
size, some of them having a circumference of many 
yards. Upon their comparing the specimens which 
they had collected from these travelled blocks, it would 
torn out that, while those which had been furnished 
by Holstein, Denmark, and Sweden, were of gneiss^ 
syenite, porphyry, and the sorts of trap found in the 
mountains of Norway, those which had been supplied 
by Poland and Eussia were of the granite which 
aboui^ds in the mountains of Lapland and Finland* In 
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short, they could come to no other conclusion than that 
the stony masses had heen hrought to their present 
resting places from those several localities, far off in 
the north-west^ on lines pretty much parallel to one 
another. 

To account for so remarkahle a phenomenon they 
might well call to mind the agency of floating ice. 
They would find that there is abundant evidence in 
Sweden of the gradual upheaval of the land; and 
that, at a very recent geological period, parts of it 
had been covered with water to a depth of several 
hmidred feet. They would be aware that many of the 
mountains, whence the travelled boulders must have 
come, have still extensive glaciers, which, in formor 
times, when the land was certainly not so much 
elevated, and the cold, as they had reason to think, 
might have been greater, would have reached the sea. 
They would learn that smoothed, scratched, and grooved 
surfaces of rock, upon which the floating ice might 
have been driven, and pinnacles and buttresses with 
the angles on the '' storm side " worn away, add thdr 
testimony to establish the agency by which the debris 
had been transported. 

That the deposit was, comparatively speaking, very 
modem, there would be proof before them of the most 
convincing kind. The extensive country between St. 
Petersburg and Archangel, for a distance of 600 miles, 
would have afforded evidence enough of this. There, 
shells of species all now living in the Arctic Sea, would 
have been collected in abundance from the strata upon 
which the Drift, with its enormous blocks of rock, had 
been since strewn. This portion of it, then, would be 
at once known by these geologists to be of the Post- 
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Pliocene Period, or newer part of the Boulder forma- 
tion ; and would thus satisfy tbem that the operation 
by which these beds were left was long continued, 
reaching into a second geological age, — that is to say, 
from the Pleistocene, which, as has been shown, claims 
the earlier part of the Drift, into the Post-Pliocene, to 
which these subsequent strata belong ; for in Scotland, 
as they would know, it furnishes shells which are 
extinct, while here it lies upon beds in which the shells 
are all recent. Now this fact would be considered by 
them to be very significant. It would imply, as has 
been just said, that the Qlacial Period was one of nd 
brief duration ; for the passing away in any locality of 
even ^ye per cent, of its moUusks would not be supposed 
to bare occurred in a small space of time. 

The testimony of the strata of Sweden, upon this 
same point, they would discover to be altogether con- 
firmatory of that afforded by the north-west of Russia. 
Shells of a kind now inhabiting the Baltic would be 
observed still adhering, in favourable situations, to rocks 
ndsed hundreds of feet above the level of the sea; 
beds filled with recent shells would prove to be common ; 
and over the whole would be seen the Drift with its 
boulders: everything would bear witness to a Glacial 
Period with its floating islands of ice.^ 

If our two travellers were now to cross the Northern 
Atlantic, and were to begin a like exploration of the 
United States and Canada, from a starting-point even 
as far south '^as the dSth parallel,^ or about in the 
latitude of Lisbon, as they journeyed northward the 
appearances presented by the north-west of Europe 
would be repeated. lines of boulders from the far 
1 Sir C. LyeU, ManuaZ, p. 126. « Ibid. p. 140. 
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north, increasiDg in size as they were traced to higlier 
latitudes, reposing in the middle and on the surface of 
similar beds of unstratified mud, the ponderous ro<^s in 
close proximity with fragile shells, very few of these 
being broken or injured, would appear to them to be 
little like the work of any kind of violent current ; but 
when viewed in conjunction with the smoothing and 
parallel scoring of rock surfaces, here still more notice* 
able than elsewhere, would, perhaps, confirm their 
opinion, that a cold period had prevailed at that time, 
« — ^the result probably of such a distribution and> 
elevation of the land in northern, and it might be in 
8onthem lal^des also, as favoured the formation cl 
ice-bei'gs and coast ice, which had strewn over th» 
part of the continent, while it was yet submerged, ih^ 
deposit which is now so remarkable a feature on ite 
sui&oe. 

If the ciromnstance of the gradual diminution in the 
size of the transported rocks, as they were fbnnd toi 
extend farther from the regions whence they had issued, 
seemed to present any difficulty in the way of 4liis 
hypothesis, they might consider that there were many 
more chances, in every particular instance, that a heavy 
stone would break away from the ice-raft which bore it 
than one of less weight. Every time the very frangible^ 
mass was rocked by the waves; whenever it might 
happen to turn over, which, as they would know, is not 
at all an unusual occurrence ; in every instance of its 
being shattered by contact with other ice-Sergs; or 
when it broke up into pieces from being weathered;' 
upon each of these and other occasions, a block of 

^ Glacier ice is extremely brittle. Professor J. Forbes, in 
OeolofficcU Observer, p. 242. 
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stoDe weighing several tons would be far more likely to 
be dislodged from its brittle setting, thej would think| 
than one of only as many hundredweight. 

It would suggest itself to them that the larger stones 
might occasionally set out on their journey upon the 
Qmaller rafU ; for it would be natural to conjecture that 
many of the masses of ice which are heard to fall into 
the aea so frequently from the face of the overhanging 
glaciers, are torn away by the weight of great imbedded 
fragments, with which a portion of ice, large enough to 
float them for a time, but not to bear them to any great 
distance, might very possibly be detached. They might 
Call to mind, moreover, the difference between an ice* 
berg from the glacier and ordinary coast ice. The 
£9irmer, they would recollect, would commonly be deep 
in the water, from its thickness ; liable, therefore, to be 
stranded on any shoal before it had travelled very far ; 
while the latter, loaded perhaps with only smaller stones 
picked up from the sea-brink, might be driven along 
for any distance without being so arrested. 

It would occur to them, also, while considering the 
effects of such coast ice, that, as the land slowly emerged, 
and every part of it in succession became first a shallow 
and then a shore, upon which fragments of stone had 
already been dropped, if the cold were still sufficient, as 
would seem probable, the repeated removal of the stones 
by these floes would go on long after the transportal 
of new supplies by ice-bergs had ceased ; and that the 
inevitable consequence would be that the fragments 
found at the greatest distance from the original centres 
of dispersion would be the smallest ; because, since the 
frost has great power to split stones, the more frequently 
fragments soaked with water are exposed to its influ- 
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ence, the more chance there must he that they will 
he reduced in size. It has heen remarked that ^^in 
those places where, in the course of centuries, blocks 
have heen carried southwards hy coast ice, having heen 
ofiben stranded and again set afloat in the direction of a 
prevailing current, the hlocks will diminish in size the 
farther they travel from their point of depai'ture, for 
two reasons : first, hecause they will be repeatedly 
exposed to wear and tear by the action of the waves; 
secondly, because the largest blocks are seldom without 
divisional planes, or * joints,' which cause them to split 
when weathered. Hence, as often as they start on 
a fresh voyage, becoming buoyant by coast ice which 
has frozen on to them, one portion of the mass is 
detached from the rest. A recent examination, in 1852, 
of several trains of huge erratics in latitude forty-two 
degrees fifty minutes north, in the United States, in 
Berkshire, on the western confines of Massachusetts, 
has convinced me," says Sir 0. Lyell, " that this 
cause has been very influential both in reducing the 
size of erratics, and in restoring angularity to blocks 
which would otherwise be rounded in proportion to 
their distance from their original starting-point." ^ All 
these reasons might offer themselves to the consideration 
of our travellers, and convince them that the well-known 
fact of such erratics diminishing in size as they are 
traced southward, places no great diflSculty in the way 
of the hypothesis that they reached the spots where 
they lie by the agency of ice ; to which the appearances 
point rather than to anything like regular sorting by 
currents of water. 

Let us suppose that these two persons now determined 
^ Sir C. Lyell, Manual, p. 130. 
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to prosecute tbeir researches in the equatorial regions^ 
iu order that they might satisfy themselves whether or 
not these same phenomena are discoverable in those 
hotter parts of the earth, where the formation of ice- 
bergs at any period is scarcely conceivable. In vain 
woidd they traverse districts which seem to present 
every other condition favourable to the production of a 
boulder deposit, except this one of glacier ice. They 
might pass over wide-spread lowlands, which, together 
with lofty mountaius that rise from them, had been 
upheaved from the sea-bottom within the Tertiary 
Period; which might promise, then, to exhibit the 
effects of currents of water, set in motion by the tilting 
of the land when it was upheaved; but no boulder 
drift would be found.^ Nothing of a like kind would 
be seen imtil they had crossed the Mediterranean on 
their way home, and had left its shores behind them. 
But as they approached the Alps, they would again 
come upon all the characteristics of an ice-borne de- 
posit. Passing round this elevated region, they would 
find in the neighbouring countries, Italy, France, 
Switzerland, and Austria, abundance of travelled frag- 
ments, evidently supplied by its heights, scattered as 
usual without reference to the contour of the surface on 
which they repose. Huge angular masses of rock, 
hundreds of them as large as cottages,^ would present 
themselves, strewn over the plains or perched on the 
declivities of lofty hills, many of them having been 
conveyed across the wide and deep valley which sepa- 
rates the Alps from the Jura, a distance of at least 
fifty miles. 

They would know, it is true, that none of the glaciers 
1 Sir C, Lyell, Manucdy p. 1394 « Ibid. p. 150. 
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thej saw before tbem in this region descend as low 
as the sea level, not within three or four thousand 
feet of it, perhaps; and that it was impossible that 
they could have been instrumental in the distribu- 
tion of this drift under present circumstances; but upon 
ascending to heights within the limits of perpetual &ost, 
which, therefore, could not now produce glaciers, since 
these depend upon an alternation of frost and thaw, 
they woidd there see well-marked glacier valleys, the 
indisputable evidence of the former existence of these 
ice-streams amidst those precipices; and again descend-* 
ing, they would find similar traces far below the actual 
extremities of the present glaciers ;^ while they might 
discover good reason for thinking that the mountains 
themselves had formerly stood at a much lower level 
than they do now, by as much, perhaps, as 2,500 or 
3,000 feet -^ thus making it quite certain that, with a 
greater degree of cold than that now prevailing through- 
out the same area— of which they would not find it 
difficult to collect other evidence — the conditions needfiil 
for the production of floating ice would be present, as 
there are manifest indications that, at that time, water 
entered far into the recesses of these mountains;^ and 
they would probably be ready to coincide at once in the 
opinion expressed by so high an authority as Sir E. I. 
Murchison,* that " the dispersion of the far-travelled 
Alpine blocks must have been coeval with the spread of 
the northern or Scandinavian erratics, which it has been 
demonstrated was accomplished chiefly by floating ice, 
at a time when large portions of the Continent and of 

^ Sir C. Lyell, Manwdy p. 149. 

^ Sir R. I. Murchison, Qiwri. Qtol, Journ. No. 21, Feb. 1850. 

a Ibid, p. m, ' . * Ibid. p. 69, 
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the Britiflli Isles were under the sea;" and that " the 
great granitic hlocks of Mont Blanc were translated to 
the Jura by ice-floats, when the intermediate country 
was under water." ^ In short, they would see that, in 
another region of Europe, perfectly distinct from that 
surrounding the Baltic, there is good proof that the 
distribution of a boulder drift is to be ascribed to the 
agency of ice; and their conviction would be com- 
plete, perhaps, that formations of this peculiar character 
have been thrown down under glacial conditions; since 
they are never found but in manifest connexion with 
glaciers, and are constantly accompanied by all the 
indications of glacial action. 

They might have discovered reasons for thinking 
that, in various localities, there are marks of partial and 
unequal upheaval, and of sudden violence ; and that 
areas have been denuded, and valleys scoured of the 
deposits which had been previously lodged in them, by 
the instantaneous upthrow of portions of the sea-bottom, 
the removal of lake barriers, or by other.means of a like 
kind ; and that heaps of rubbish, tumultuously aggre- 
gated, have been the result ; but they would probably 
conclude that the general phenomena of the Glacial 
Period, taken as a whole, are to be ascribed to the 
ordinary action of glacier and floating ice, doing its work, 
year after year, and century after century, in that 
gradual and orderly way — the way of real grandeur, 
without hurry or perturbation — in which the Great 
Author of nature is usually seen to bring about His 
purposes. 

^ Sir R. I. Murchison, Qttart, Oeol, Journ, No. 21, Feb. 
1850, p. 68. 
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CHAPTER X. 

Mineral material of the reader's garden — Relative position of 
the strata with which we are concerned — Boulders of the 
Drift from the north — ^Strata below the Drift from the Chalk 
upwards — Pebbles in Plastic Clay and in Drift prove oscilla- 
tions of earth's crust — A hot climate in these latitudes before 
the Glacial Period — Vast length of time occupied by these 
changes — ^Proved by phenomena in France — And in Sicily- 
Change of temperature possibly caused by changes in distri' 
bution and height of Ismd — ^Fossils in reader's garden may 
lead to some of these conclusions. 

Thb accompanjing lithograph (Sect. IV.) represents 
such an incident, connected with the formation of the 
present surface of the earth, as we suppose might have 
heen witnessed, — could any one have heen present, — 
when the mineral material of what is now, perhaps, the 
reader's garden was supplied. If he happens to live 
within the area covered by the Boulder Drift, something 
like it very piohably occurred upon the spot which he 
calls his home ; and this but a short time ago, according 
to the computation of geology; though how many 
annual revolutions our planet may have made since the 
event, it might surprise us, perhaps, to learn. The 
time during which man has been enacting his important 
part among created beings would prove to be but a very 
small portion of it, possibly. 

In the figure referred to, is given a section across a 
part of Essex, from Brentwood, due north, to near 
Thaxted^ which exhibits, nearly enough for our purpose, 
the present relative position of the strata with which we 
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are more particularly concerned. It will be understood 
that here is depicted a siq>pOBable operation of that 
period, when the chalk o, to the north of this district, 
at N, had emerged from the glacial sea, os, while jet 
the cold was great enough for ice to form on the coast, 
and to carry away mth it whatever chanced to fall on 
its surface from the cliffs, or the shingle and finer 
materials which it might pick up as it froze near the 
shore. An ice-raft thus freighted, i, is dropping its 
heterogeneous load, which may be now the mineral 
matter of any one's garden-soil in that part of our island. 
There seems little reason to doubt that many a garden 
could give this history of its origin ; and could appeal 
to its rock-border to convince us that the strange tale 
was not far from the truth. Thereon might be seen, 
and examined, a company of unbending, unmistakable 
witnesses, every one of them ready to testify that; at all 
events, something like it had happened near that place. 
Besting on the clay, far enough from the rocks whence 
they had been originally brought, boulders and frag- 
ments of granite, syenite, gneiss, mica-schist, green- 
stone, basalt, jasper, quartz, limestone of different 
formations, chalk-flint, and Hertfordshire pudding-stone, 
all foreign to the locality on which they are now 
assembled, but collected nevertiieless from their sojourn- 
ing places in the immediate neighbourhood, would give 
evidence of some mighty agency by which they had 
been borne over hill and dale, for hundreds of miles in 
certain instances, to speak to those who would lend an 
ear to them of the marvellous changes which their 
parent earth had undergone. 

Mineralogists, the competent interpreters of the lan- 
guage in which these witnesses offer their testimonyj 
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declare that Buch an assemblage of rocks must needs hare 
come from the north. Sir . Lyell ^ cites Dr. Mitchell, ai 
suggesting that the materials of the drift of the east oi 
England may probably have been supplied from lands 
since submerged or destroyed, which formerly occupiec 
the site of the German Ocean, ^jid he regards th( 
conjecture as by no means unworthy of attention, ob- 
serving that we are too apt to look only at regiom 
which are still above the water for the origin of sttcl 
debris as is now to be accounted for, forgetting that i1 
may be the remains of strata which have been entirely 
removed ; and he points to the case of Heligoland aE 
illustrating his meaning. That rocky island, which in 
times of war has been found so valuable to us for the 
purposes of trade, is being graduaUy eaten away by the 
waves which break upon it ; and in the course of time 
will, in all likelihood, entirely succumb before them. 
Its lofty cliffs, attaining in some places a height of 20C 
feet, are of the New Red Sandstone, or Trias, formation; 
which, notwithstanding its name, is of vastly remote 
antiquity, as it lies at the bottom of the secondary series; 
it is called New Eed, to distinguish it from anothei 
sandstone, the Old Eed, which is of still greater age, 
It is quite possible, then, that this island might hav( 
disappeared long ago, and the boulders and red muc 
which its destruction had supplied might have beer 
spread over the surf|[ice of the adjacent country of Hoi- 
stein, which was recently, as we have seen, beneath the 
water. In that case, as Sir C. Lyell tells us, sue! 
fragments and rubbish would have been entirely differeni 
from the strata on which they rested, having no visibk 
rocks like them — ^to which, therefore, they could be 
' Load, and Edinb. Phil. Mag. May, 1840, p. 376. 
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referred — ^nearer than those in Hanover, between one 
and two hundred miles off, in a direction quite contrary 
to that from which they would have been really derived ; 
and thus most erroneous views about their origin might 
have been adopted. 

There is no doubt, however, from their mineral 
character, and from the well-marked direction of the 
Drift in oth^ countries, that the boulders of Norfolk 
and the contiguous counties, have, for the most part, 
travelled southward, — some of them, probably, having 
been brought from Norway and Sweden. But it is by 
no means impossible, nevertheless, that an occasional 
freight may haye arrived from a different quarter, as a 
^vailing wind might, of course, propel a sheet of ice 
towards any point ; and such a raft might have been 
fonned and laden in the west as well as elsewhere. 

But the diagram given above affords us the opportimity 
of saying a word or two about the strata below the Boulder 
Drift, as low down at least as the surface of the Chalk. 

The whole of the beds which constitute the earth's 
crust, beginning with the undermost, are separated, as 
has been already said, into four principal divisions, 
comprehending respectively, the Primary, Secondary, 
Tertiary, and Post-Tertiary Series. As the Chalk is 
the most recent, and therefore the highest of the 
secondary series, from its surface upwards, as repre- 
sented in Section IV., we have the whole thickness of 
the tertiary group upon that line of section. Had the 
line been run in another direction, other tertiary beds, 
here altogether wanting, might have been cut through. 
It is easy to understand that, while a stratum like the 
Chalk, being a deposit of an ocean of considerable depth, 
is very widely spread, other layers may be of more 

k2 
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limited area, haying been formed in a sea of no great 
size, or mider the influence of local circumstances, at 
the mouth of a river, or in a shallow bay, perhaps ; or, 
if originaUy more extensive, great part of them may 
have been since washed away. Such different deposits 
may be proved by their included fossils, or by their 
position in the series, to belong to the same general 
group ; but it will rarely happen that many of them 
will be cut through in any section of moderate lengtL 
In that before us, two only are laid open between the 
Boulder Drift, bd, and the Chalk, namely, the Plastic 
Clay, PC, aud the London Clay Proper, lc. 

Of late many deep wells have been sunk through the 
tertiary strata, by which it appears that their thickness 
varies greatly in different places ; but it will be suffi- 
cient for our present purpose to estimate those with 
which we are concerned as they are known to occur 
beneath London, where the Lower Tertiaries, Mottled 
Clays and Sands, or Plastic Clay, as the same beds ace 
called by different authors, may be from forty to a 
hundred feet thick; while the London Clay Proper, 
which rests upon them, has a thickness varying from one 
hundred to a hundred and fifty feet : ^ — elsewhere they 
may together attain to double this thickness, or more. 

Four or five years ago a well was sunk at Chelmsford 
into these strata, and at a depth of two hundred and 
fifty feet was found a bed of pebbles. They were 
completely rolled chalk flints, so exactly like those 
which were scattered about the surface, with which 
every one who saw them was well acquainted, that the 
bystanders at once pronounced them to be only common 
black stones. They judged only from their outward 
1 Prestwich, Waier-hearing Strata, p. 24. 
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appearance; but they were perfectly right. Nothing 
is to be recognised with greater certainty than flints of 
that kind, which contain, as those did in abundance, the 
usual fossils. Of their original location in the Chalk, 
we may be as sure as we can be of anything in the 
world. And their occurrence where they were dis- 
covered was only what was to be expected, such pebble- 
beds being a regular feature of the Plastic Clay. The 
well-digger could have foretold that such stones would, 
in all probability, be found there* 

But the circumstance, however familiar, is well 
deserving of consideration nevertheless : it may help to 
afford very curious information to those who have not 
studied the subject before. The facts are these ; — there 
are at this place two layers of similar water-worn 
pebbles, one at the bottom, and one at the top — for 
our surface-soil, full of these flints as it often is, may be 
looked upon as a layer of them — ^with two hundred, or 
two hundred and fifty feet of mineral matter, chiefly 
solidified mud, or sand, intervening. Now these two 
beds of rounded flints, separated by such considerable 
accumulations as the Plastic and London CJavs, make 
it manifest that this part of the earth's crust has under* 
^one very great changes of level. It is evident from 
its fossils that the Chalk, whence these flints came, was 
deposited in a sea of considerable* depth. It must, 
therefore, have been thrust up to the surface, and ex* 
posed to the action of the waves, or its flints could not 
have been ground down to the small rounded pebbles 
which are found so plentifully in the Plastic Clay. 
^Such beds indicate ancient chalk chfls, and a shore 
beneath them, that is, the existence, and the continu- 
ance f(xe a long time, of a portion of that deep-sea 
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deposit raised above the wavefl. But the strata, noyf 
resting upon these pebbles, which at Chebnsford are 
more than two hundred feet thick, were also deposited 
in the sea ; and part of them, as the fossils prove again, 
in bj no means a shallow sea. It is clear, then, that these 
chalk -flints, after having been exposed to the rolling of 
the breakers on the shore, which spread them over the 
surface upon which they now lie^ sank down with that 
surface low enough to receive upon them the whole of 
the overlying tertiary strata; and after that, in addition, 
the Drift with its similar chalk -flints. Subsequently, the 
whole was raised up again to its present level, leaving 
the upper layer of these water-worn pebbles, in some 
places, six hundred feet or more above the sea* There 
were, doubtless, other up and down movements, accom- 
panied with more or less of denudation, the proof of 
which is not so obvious ; but of the great oseiUatiOns 
here pointed out, any one may find evidence. 

But the most remarkable fact connected with these 
strata is this, that, whereas the inquiry in whidi we 
have been engaged has brought before ns an almost 
arctic climate as at one time prevailing in these lati-* 
tudes, the London Clay, whieh underlies the Glacial or 
icy Drift, is, in several places, full of fossils whieh 
prove that it was supplied by a hot country. It yields 
a variety of remains — ^fruits, seeds, shells, teeth, and 
bones ; and they all agree in referring the formation 
to a period when the climate here was not, periiaps, 
altogether unlike that of the islands of the Indian 
Ocean. 

These surprising vicissitudes of heat and cold were 
most probably the result of alterations of surface-levd, 
wrought by the volcanic forces at work beneath* If it 
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can be proved — as is not questioned — that such changes 
of level have affected strata of a thickness amounting to 
many miles, and extending over whole continents, it 
need not be doubted that such a conjunction of circum- 
fl^jtances may have prevailed, once and again, in the 
eourse of the vast series of ages which have certainly 
passed since our globe was called into existence, as 
would produce, in the same latitude, and throughout 
the same area, climates of the most different character. 
It may be thought, perhaps, by those who have not 
all the facts before them, that the London Clay is ^o 
recent a formation, when looked at geologically, that it 
is not reasonable to suppose the needful change in the 
height and distribution of the land to have taken place 
since it was deposited ; for it must be concluded that 
wide»spread torrid regions have sunk beneath the deep 
sea, and mountain ranges have been upheaved into the 
realm of everlasting frost, or the results brought about 
by any cause of this kind could not have been such as 
we now contemplate. But when we hear of a geological 
age which is near to our own in comparison with others 
which are much more remote, we must not be deceived 
"by the sound of the words into a notion that the time 
which has elapsed since that comparatively modem 
^>och has not been actually very great. Every fact 
with which geological science is acquainted tends to 
show that such a persuasion would be utterly en*oneous. 
The London Clay is apparently of yesterday, when 
viewed by the side of the Coal Measures^ which supply 
our fuel, or the far older Caml»:ian System,^ from which 

^ The group of strata which fumishes the coal is so called. 
' Several formations connected together by some common 
character are called a, system^ 
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we obtain our ro6fing-slates. But if we call to mind 
what has happened since llie close of that more recent 
period, and consider that there has been time enough 
for tlie extinction of almost all, or even, perhaps, of iJl, 
the species of living things then in existence on llie 
globe ; that the animal world of that age has passed 
away, and that aU has been produced anew — and this, 
not bj any sudden destruction, and fiat of creation,, but 
by the gradual substitution of species after species as the 
former kinds died out — we shall not think, perhaps, that 
the time which has elapsed since the accumulation of 
the London Clay has been too bri^ to allow of the 
changes of level which the vicissitudes of climate, so 
clearly marked in this region, seem to indicate. 

In order that we may be able to estimate in some 
adequate manner the length of time needed for the 
accumulation of such deposits as those of the Xiondtm 
Clay and the beds above it, it would be well to con- 
sider the vast changes which can be proved to have 
taken place elsewhere within the same period, — ^in such 
a country as Auvergne, for instance. There, in the 
centre of France, a most amazing succes^on of geo* 
logical events are seen to have occurred, the first of 
which camiot be of an age earlier than that of the 
upper, and therefore later portion of the London Clay. 

It appears that this interesting region, the founda" 
tion of which is granite, lay then in a state of perfect 
repose. Its moderately elevated mountains were re* 
fleeted in the waters of several lakes, one of them not 
less than forty miles long by twenty wide, and hundreds 
of feet in depth. The same process was going on there 
as may now be witnessed everywhere else under similar 
circumstances, — ^these lakes were being gradually, and 
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we may be sure very slowly, filled up with mud and 
pebbles, which the mountain torrents carried into them. 
The Lake of Geneva, which is not very different in size 
from the one above mentioned, is losing area and depth 
in the same way; but who shall say what ages must 
pass before the work is accomplished? The delta of 
the Bh(me, where that river enters the lake, has en^ 
croached upon the water to the extent of about a mile 
and a half in something more than eight hundred years; 
and of six miles from the point where the accumulation 
first rose above the surface. This is but small progress 
towards its obliteration. In the case of the lakes of 
Auvergne, however, the time required did pass, until 
they had received, at least, deposits which are in some 
places several hundred feet thick, — not mere deltasy 
made up of fragments and coarse matter, but slowly 
accumulated strata of fine mud. Many of these beds of 
day, marl, limestone, and sandstone, frequently con- 
taining the remains of numerous species of fresh- water 
mollusks, and occasionally the bones of mammals, and of 
other animals — by which, of course, their geological age 
IB attested — ^are so constituted and disposed as to prove 
that they were deposited for the most part in tranquil 
and clear water, and therefore at a very slow rate. 

A striking proof of the latter very material fact may 
be seen in the curious Indusial Limestone of these 
lacustrine formations. It is very well known that the 
laxTse, or grubs, of certain fiies, which frequent the 
banks of rivers and pools, live, while they are in that 
preparatory state, in the water, and protect themselves 
from their enemies by constructing tubes in which they 
may lie concealed. The common cad, caddis, or case- 
worm of the angler, which turns to the stone-fly, is of 
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this sort. Different species of tbis grub use different 
materials for their indusia, covers, or cases; some 
agglutinating together vegetable matter, small sticks, 
or reeds ; others choosing grains of sand ; while a third 
kind prefer the dead shells of small mollusks for the 
purpose. It is evident that the larger of the ancient 
lakes of Auvergne was inhabited by a species of the 
latter family, and that they swarmed in it in a remark-' 
able manner; for their cases, incrusted with calcareous 
matter, are seen to form there thick layers of limestone, 
— called indusial from this strange origin, — which 
cdtemate with the more usual kinds of marl through a 
thickness of several hundred feet. '^More than a 
hundred of these shells," says Mr. Scrope,^ " may be 
counted round a single tube, and ten or twelve tubes 
may be found packed together irregularly in a single 
cubic inch of the rock. When it is added that repeoiUd 
strata of this kind, eight or ten feet th^ck, appear to 
have covered very many square miles — originally, per-i 
haps, the whole plain of the Limagne, measuring forty 
mUes by twenty — some idea may be formed of the 
countless myriads of minute animals, bolooging to one 
or two species only of mollusks, which must faawie 
formerly lived and died on the bottom or shores of 
this extensive lake ;" and of the length of time, it may 
be further observed, during which the operation was 
proceeding. 

While the lakes were in the course of being thus 
filled up, volcanos had burst out around them, and 
added their cinders, and occasionally lava, to the sedi- 
mentary strata, with which these igneous products are 
seen to be interstratified. The whole region was thud 
1 CerUnd France, p. 11, Ed. 1868. 
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gradually elevated, the remaining waters of the ancient 
lakes probably drained off, while a prodigious number, 
some hundreds, of volcanic cones, with their accom- 
panying craters were formed, huge masses of trachyte 
protruded in a half-fluid state, and vast streams of 
basalt repeatedly emitted, which spread over the lower 
grounds, and took possession of the bottom of the 
narrow valleys. The waters thus dammed up formed 
new lakes ; and these overflowing, became in turn the 
sources of rivers, which, in the course of ages, cut 
channels for themselves through the hard volcanic 
rocks, or the original granite, leaving steep escarpments^ 
or sheer precipices, of one hundred and fifty or two 
hundred feet high, to tell of the ages which must have 
passed away while such a process was b^ing completed. 
And this kind of excavation was reiterated in some 
places more than once or twice, so that the same 
district was drained at successive epochs, by streams 
running at as many different levels; and entombing 
animal remains, moreover, of several successive creations, 
Eocene, Miocene, and Pliocene. 

Mr. Scrope,^ whose words we will again quote for 
the reader's better satisfaction, says, " Let us take, for 
instance, the two neighbouring basaltic platforms of 
Gergovia and La Serre, and the bed of basalt which 
occupies the bottom of the narrow valley that divides 
them, and which has flowed out of the recent vent 
marked by the Puy I^oir. Here are three long strips 
of basalt, each of which, by its gradual inclination in 
the direction of its greatest length, and by the positive 
remains of the cone of scorise in two instances at least 
out of the three, is proved to have flowed in a state of 

* Central France, p, 203. 
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liquidity &om yolcanic yents opened upon the high 
granitic platform, into the basin of the fresh-water 
£)rmation. Each must necessarily have occupied the 
lowest levels of that basin to which it had access ; and 
therefore it is evident that, at the period when the lava 
of Gergovia flowed into its present position, there could 
have been no lower depression in the immediate vicinity. 
The hollow, therefore, into which the lava of La Serre 
flowed, must have been subsequently excavated, as that 
bed is everywhere, — ^that is, on every line drawn trans- 
versely across both plateaux, — at a lower level by from 
three hundred to five hundred feet than that of Gergovia 
which runs parallel to it, and not above three miles 
distant. Again, by the same reasoning, it is evident 
that the intervening valley of Chanonat, the bottom of 
which is now covered by a still more recent bed of 
basalt, must have been excavated since the production 
of the lava of La Serre, which overhangs it at a height 
pf more than five hundred feet." Here then are three 
great and distinctly marked periods in the slow process 
of excavation ; it might be said four, for the rivulet of 
the valley of Chanonat has subsequently worn away a 
new channel, from twenty to fifty feet in some places 
below the substratum of the most recent of the three 
lava currents. 

These three lava streams, from their different appear- 
ance, bear testimony to the difference of their respective 
ages ; the oldest, that of Gergovia, being much decom- 
posed ; that of La Seire being considerably more fresh ; 
while the lower current, that of Chanonat, is scarcely less 
recent in appearance than many of the lavas of j^tna, of 
which the dates are known. And yet these Auvergne 
volcanos were quenched before the earliest records of 
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history, no mention being made of them by any ancient 
writer upon the subjects. The several cones, too, afford 
like evidence of the long interval which separated one 
^*uption from another ; the latest being still entire and 
undisturbed; the one next in age much worn down, 
the heavier and more massive of its materials alone 
remaining ; while the most ancient of the three, though 
still retaining the character of a vent of eruption, is but 
a mere stump. 

Mr. Scrope informs us that examplea of this kind 
might • be multiplied endlessly, leading unavoidably to 
the conclusion that the enormous abstraction of matter 
which has occurred in this remarkable region was 
effected, for the most part gradually and progressively, 
by the excavating forces which are still operating the 
same results wherever rains, frosts, floods, and atmo- 
spherical decomposition have the same materials to deal 
witb> — concluding that " to these agents we must refer 
the effects in question, of which, with an wnlimited 
allowance of time, no one will pronounce them in- 
capable." 

That the vast amount of denudation which here forces 
itself upon the notice of the observer, was chiefly accom- 
plished by the ordinary operations of nature, and 
certainly by no great waves, or unaccountable bursts of 
water, is rendered very manifest from the perfectly 
uninjured condition of many of the volcanic cones, 
which, being made up of scoriae and dust, so light and 
loose that the foot sinks into them ankle-deep, must have 
been torn up and carried away at once by any such 
violence. They owe their preservation, as Sir C. Lyell 
observes, to this very circumstance of their composition; 
for such is the porousness of their surface that every 
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rain-drop is absorbed as it falls, so that not even a riH 
can form on their sides, to wear them down in the 
usual manner. Mr. Scrope thus concludes his obser- 
vations upon this whole subject : — " The time that must 
be allowed for the production of effects of this magni- 
tude, by causes evidently so slow in their operation, is 
indeed immense ; but surely it would be absurd to urge 
this as an argument against the adoption of an explana- 
tion so unavoidably forced upon us. The periods which 
to our narrow apprehension, and compared with our 
ephemeral existence, appear of incalculable duration, 
are in all probability but trifles in the calendar of 
nature. It is geology that, above all other sciences, 
makes us acquainted with this important, though humi- 
liating fact. Every step we take in its pursuit forces us 
to make almost unlimited drafts upon antiquity. The 
leading idea which is present in all our researches, and 
which accompanies every fresh observation, the sound 
which to the ear of the student of nature seems conti- 
nually echoed from every part of her work is — Time ! 
Time ! Time ! " 

We cannot help taking the reader to yet one other 
region, where events, not less wonderful, though of a 
much more recent date, will again make evident to him 
the immensely long periods which geological changes of 
this kind have certainly occupied. 

He will not forget that we are endeavouring to 
estimate the antiquity of the London Clay. Almost 
all the animals whose remains are entombed in that 
formation, are, as we have said, extinct. In the later 
tertiary beds of Sicily, to which we desire now to intro- 
duce him, the case is very different. The more recent 
of these strata contain scarcely any shells which are 
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not specifically identical with kinds now liring in the 
adjoining Mediterranean Sea: there are hardly more 
than two or three in a hundred, perhaps, which have 
passed away; indeed, it has heen questioned whether 
they are not all exclusively recent. We may safely 
say, then, that these beds are of modern origin, in com- 
parison with those which lie under the Drift of our 
gardens. And yet how great are the changes which 
have taken place in Sicily »nce these strata were 
accumulated at the bottom of the water! There are 
mountains two or three thousand feet high, the tops of 
which are composed of limestone, in which nearly all 
the shells and corals are of species now in being.^ 
Eaised high above the sea may be seen such proofs of 
slow deposition as a bed of oysters, of the common 
eatable species, twenty feet in thickness, resting upon 
a solid sheet of lava, which, of course, was ^read out 
at the bottom of the Mediterranean after the under- 
lying strata had accumulated there. In another place 
a layer of corals, also of a kind still living, shows itself 
exactly at the same elevation on each side of a valley, 
which has been manifestly excavated through it since it 
was upheaved. It is of a species of slow growth, and 
the stratum is a foot and a half thick, so that, by itself, 
it represents no very short space of time. The hollow- 
ing out of such a valley — and there are many such, of 
considerable depth — could not be otherwise than a very 
gradual operation, as it was efPected apparently by the 
ordinary denuding power of rain. The materials of a 
region, then, which attains an elevation of three thou- 
sand feet, were here slowly amassed under the sea; 
and, it may be, scarcely less slowly raised to their 
^ Sir C. Lyell, Principles, vol. i. 310. 
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present height. And this has all happened in a veiy 
recent portion of the Tertiary Period — the Newer Plio- 
cene, or Pleistocene. But what notion does the word 
recent^ so used, convey to our minds ? ** The more we 
reflect on the preponderating number of shells of species 
now living," says Sir C. Lyell,* referring to these 
Sicilian beds, '< the more are we surprised at the great 
thickness, solidity, and height above the sea of the 
rocky masses in which they are entombed, and the vast 
amount of geographical change which has taken place 
since their origin. It must be remembered that, before 
they began to emerge, the uppermost strata of the 
whole must have been deposited under water. In order, 
therefore, to form a just conception of Hieir antiquity, 
we must first examine singly the innumerable minute 
parts of which the whole is made up, the successive 
beds of shells, corals, volcanic ashes, conglomerates, 
and sheets of lava ; and we must afterwards contem- 
plate the time required for the gradual upheaval of the 
rocks, and the excavation of the valleys. The Historical 
Period seems scarcely to afford an appreciable unit 
in this computation; for we find here ancient Ghreek 
temples, built of the modem limestone of which we are 
speaking, and resting on a hill composed of the same ; 
the site having remained to all appearance unaltered 
since the Greeks first colonized the island." So much 
for the word recent when thus used geologically. 

Now, this part of Sicily, it will be understood, repre- 
sents, generally, the same period as the Drift with 
which we are concerned : the formations, as proved by 
their contemporary fossils, were, to a certain extent, 
coeval. If, then, we recall the impression left upon our 

^ Manncbl, p. 159. 
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minds by our brief survey of the changes which have 
taken place in Auvergne since the middle, perhaps, 
of the Eocene Period, and remember that these great 
aocumulations at the bottom of the Mediterranean, and 
the upheayal of them afiterwards, occupied but a few of 
the many ages which those vast changes most certainly 
required for their completion, we shall hardly think that 
there has not been time enough, since the deposition 
of the London Clay, for any oscillations of the earth's 
erust which can be conceived as possible. With all the 
&ctB before us, we shall be inclined to look upon our 
gardens as though they were ready to move under our 
feet — more like the waves from which they rose than the 
terra firma which we have been in the habit of con- 
sidering them. Of this, the reader may be pretty 
oertun, that the part of the earth on which he resides, 
if it is that of which we are treating, though now pro- 
dudng the flowers and fruits, and inhabited by the 
animals, of the temperate zone, has experienced within 
the period mentioned, first, a climate like that of the 
Philippine Islands perhaps, at all events a very warm 
one, and then a degree of cold approaching to the 
rigour of Greenland ; and he need not 'hesitate to be- 
lieve that such vicissitudes were possibly brought about 
by changes in the distribution and height of the land — 
ordinary changes they may be called, as they seem to 
be always going on somewhere or other, however slowly. 
A low continent stretching out towards the equator — 
other parts of the earth being suitably disposed — sup- 
plying a great river with a northerly course, emptying 
itself into the warm sea in which the London Clay was 
thrown down, might account for that deposit : the rise 
of lofty and wide-spread lands around the North Pole, 
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extending towards our islands, then considerably sub-? 
merged, and pouring down a gelid current upon them, 
after the more ancient southern continent had disap^ 
peared, wholly or in part, beneath the waves, would 
have occasioned the phenomena of the Drift Period 
perhaps. 

And in all this there is nothing incredible; it may be 
even said that it is highly probable. The records pre- 
eerved in the strata beneath us, within easy reach, render 
the operations of nature in these former ages so manifest 
that, in their msdn characters, they cannot be greatly 
misapprehended. Every flint-pebble we pick up from 
the Drift, where it rests on the surface of the London 
Clay, calls upon us to account for its presence in a 
locality so utterly unhke that in which it was formed. 
And while we trace its history, the conviction is forced 
upon us that the deductions of geological science are, 
fio far at all events, unquestionable : evidence of their 
truth is in our own hands. The Bolid groimd upon 
which we tread is made up of beds of sediment, which 
have resulted from a repeated submergence of the land 
beneath the waves. And since the most considerable 
of these layers are of clay, or impalpable mud, so fine 
that it must needs have gathered very slowly — just as 
the settlement of the ooze in thq still pools and bays by 
the side of «|. river, out of the reach of its current, goes 
on by little and little, at a very different rate from the 
heaping up of the bar of sand at its mouth — ^we are 
constrained to believe that these beds, hundreds of feet 
in thickness, must have required a vast series of ages 
for their formation — a conviction which is, of course, 
greatly strengthened when we find that there is in- 
disputable evidence that, during the time of their 
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accumulation, such a diversity of climates prevailed, 
and such a succession of plants and animals flourished, 
as the organic remains manifest throughout the area 
which they occupy. The fossils and water- worn stones 
which the reader's garden will supply, may lead him 
step hy step to these conclusions, and afford him the 
means of conjecturing what geology may farther reveal 
to him should he have the opportunity of pursuing it 
over a wider field of inquiry. 
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CHAPTER XI. 

New lands emerge from sea without a T^etable soil — New island 
upheaved in 1 80ft— Formation of a vegetable soil — ^Decompo- 
sition of rocks by rain-water — Carbonic acid — Decompoeitioa 
of granite supplies clay — Decay of vegetation — ^V^etable 
matter not all that is needful — Barrenness of decayed vege* 
table matter — ^The Irish bog — ^Mineral matter required— 'fiie 
earthworm the great vegetable soil-maker — Habits of the 
earthworm — Its agency in raising mineral matter to the 
surface — Its operations of geological imp(»rtance — Not the 
only soil-maker — ^Ants eflTective fw the same purposes — 
Especially in tropical forests — Worms and ants at work at an 
elevation of 15,500 feet — ^Their operations may be witnessed 
in our gardens. 

We have not yet, however, examined all the phenomena 
within easy reach: there is still another wonder of 
creative wisdom to he considered hefore we can under- 
stand even the geology of our gardens thoroughly. 

When the stratum last thrown down, as in Sect. IV., 
rose from the sea, its surface was, for the most part, 
merely mineral— clay, or sand, or gravel, as the case 
might he — without any vegetahle matter intermixed; 
and therefore it was unfit for the support of herhage: it 
was in that respect much like a newly-laid gravel road, 
or a heap of clay thrown out of a railroad cutting. 

If an agriculturist wishes to make hricks, or dig 
gravel on his farm, he carefully pares off from the spot 
selected the upper layer of vegetahle mould, which he 
spreads over the same area again as soon as he has 
taken from underneath as much of the suh-stratum as 
he needs for his purpose ; and so he loses no ground. 
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Now, when a new mineral surfaoe is elevated above the 
waves, the first effort of nature is to produce a similar 
bed of vegetable soil. For the accomplishment of this 
purpose a longer or shorter time will be required in 
proportion as the mineral matter upheaved is or is not 
easily acted upon bj the weaih^ ; but it must be done 
somehow or other before there can be any fertility in 
the new region which has thus started into existence ; 
and as it seldom can be a very rapid, so it must 
oftentimes have been a very slow process. In the year 
1806, the Fox, or Aleutian Islands, which stretch in a 
semicircle from Kamtschatka eastward to the American 
continent, had a new one added to their number. It 
rose from the sea as a peak, with some low conical hills 
around it. It was four geographical miles in circum- 
ference; and it was inferred, from its size and per- 
manence, that it was not of sooriffi and other light 
matter, as was Graham Island, which was thrown up in 
the Mediterranean in 1831, and was soon washed away, 
but of trachyte-^hard rock-— thrust up bodily. It is 
obvious that no veiy brief space of time would be 
required before the surface of such a. new-bom land 
would be fit for the growth of trees. Lichens would, 
possibly, soon incrust it; and it would not be long 
before the meteoric agendes — the alternations of cold 
and heat, fr*ost and thaw, wet and dry weather — would 
make some impression upon it. But these inroads 
upon the stony material would probably be retarded by 
every additional coating of dSbrit which gathered on it; 
for it would thus find more and more protection fr^m the 
influence of the elements. Still the silent process of 
decay would go forward, especially upon the more 
exposed parts; and the time would come when its 
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depressiond and level tracts, upon which the loosened 
matter settled, would be covered with a thin soil, and a 
corresponding verdure. As seeds arrived, brought by 
the waves, or winds, or birds, large plants would spring 
up. Their roots, insinuating themselves into any cracks 
which might occur, and swelling there, would split off 
fragments, to be more easily dealt with by the rain- 
water, which would now begin to be charged with an 
abundant quantity of carbonic acid> frorii the decaying 
matter'— the dead leaves of the shrubs and the yearly 
fall of the other vegetation — by which its solvent power 
would be greatly increased; and at length the new 
island would acquire sufficient fertility. 

The reader is probably aware that the composition of 
most rocks is such that the mere rain-water cannot 
pass over them without, tending to their destruction. 
However small the effect of a single shower may be, the 
repeated application of even this gentle solvent will 
make, itself felt. If one of the components of the rock 
acted upon should be iron — which is a common case— 
the oxygen of the atmosphere, applied to the mineral 
through the medium of the rain-water, would soon give 
rise to chemical action— -the iron passing to a higher 
degree of oxidation — and thus the disintegration of the 
stony mass, however seemingly hard, would be greatly 
facilitated. If^ on the other hand, an alkali, either 
potash JOY soda, should be present — which is also very 
usual in rocks— then any carbonic acid, which the water 
pouring over them might bring with it, would speedily 
decompose them. We are in the habit, perhaps, of 
looking upon granite as one of the most enduring sub- 
stances in nature; but in reality it readily suffers 
decomposition- irom exposure to contact with water 
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cont^ing earbonic acid* Of the three minerals which 
enter into the composition of common granite, viz., 
quartz, mica, and felspar, the latter mineral is the most 
abmidant. Now, one of its constituents is potash, which 
alkali has a stong chemical affinity for carbonic acid. 
Water charged with that acid, therefore^as, under 
ordinary circumstances, it usually is — will carry away 
the alkali from the felspar, and leave clay behind as a 
residuum. Thus the hardest rock yields a soil which, 
with a little further change, and the admixture of some 
vegetable matter, will be well fitted for the growth of 
plants. 

It is very probable that when the spot of ground 
which is now the reader's garden rose from the sea, it pre- 
sented little else than a bare face of such clay. But the 
seeds of the lower orders of vegetables are very generally 
diffused, and are carried to great distances by high winds 
and other means ; and it would not be very long before 
such a surface would be covered with a growth not un^ 
like that which we see on our neglected gravel walks ; 
and algae, lichens, and the humbler mosses, would be 
the sure harbingers of something better. The decay of 
this first vegetation would soon make a difference in 
such a soil, which, of course, would prove to be of a far 
more tractable character than that of the new island 
mentioned above. The numerous small cracks produced 
by the alternate swelling and contracting of the surface, 
as it -happened to be wet or dry, would admit the dead 
matter, which, blown about in the form of light dust, 
would, of course, settle in every such small depression ; 
and the rain-water, percolating the mass, would carry 
it down more deeply. After a certain time plants of a 
higher grade, the ^eeds of which are carried about in 
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the crops of birdsy and adhering to their feathers, would 
obtain possession; and the same process would go 
forward as was just now described, but more readily. 

It is natural to think of the decaying vegetation as 
the chief means of the amelioration of such a soil, and 
not without reason : the stalks and leayes which £Edl one 
year are very needful for the growth of another. Bat 
a ooYering of such matter would not be all that was 
required to secure fertility. The gardener greatly 
values leaf-mould, that is, the residuum of decayed 
leaves; but he knows very well that it is useless by 
itself. His favourite peat is made up, for the most 
part, of vegetable matter; but it is, nevertheless, one 
of the most barren soils he has to deal with : he, per- 
haps, never uses it without the admixture of sand ; and 
generally incorporates with it also a portion of loam, the 
chief part of which is clay. An Irish bog is a mass of 
decaying vegetation ; but it is utterly valueless while it 
is merely such. " Nothing but a covering of earth — 
clay, marl, limestone, and gravel — will do any good to 
it. If merely drained, it is as impossible to cultivate as 
a woolpack."^ In short, what is wanted is the mixture 
of mineral ingredients — ^the clay or other subsoil on 
which the peat rests. 

It is evident, tiien, that the fall of a great deal 
of vegetable matter upon the surface would be so &f 
from ensuring a good soil, that, if the mass should ever 
be as deep, it would be as sterile as a drained bog. To 
our newly-upheaved region, then — supposing it might 
be even an island — there would probably be brought, 
by some means or other, the great vegetable-mould 
maker, the common earthworm. 

^ Sir D. Neave, Conrumara. 
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The worm is very fond of lodging in decayed wood. 
It will occasionally make its way up the inside of the 
trunk of a pollard-tree, where decay is going on, and 
will bring together the ingredients of a vegetable soil in 
the hollow head above, where grass and other plants 
will find abundance of nourishment. Such a tree, then, 
with what may be well called its precious living freight, 
is brought down by some flood to the sea, is drifted to 
the newly-raised land, and the earthworm is introduced; 
and from that moment the fertilization of the surfsice 
proceeds with accelerated rapidity. 

The common earthworm, or dew-worm (Lumbricus 
teirestris), although one of the very humblest and most 
despised, is undoubtedly among the most important 
creatures in existence. As it is found almost every- 
where, few persons are unacquainted with its appear-^ 
ance; although it differs so much in colour and form 
according to its age, and in size in dependence upon 
soil and climate, that even those who have written about 
it have sometimes made several species out of this one. 
Anglers know it in its different conditions by different 
names ; but their red-worm, brandling, and lob-worm, 
are all alike the common earthworm. It inhabits holes, 
which it makes in part by eating its way through the 
mould, the food it seeks being such decayed organic 
substances as it finds among or drags down into it. 
These it takes mixed with a certain portion — seldom, 
perhaps, less than a fourth, and sometimes much more 
—of the mineral ingredients of the soil— clay, sand, 
and grit; and it is surprising to see what large and 
sharp-edged grains of the latter it will swallow, — ^whether 
for the purpose of simply removing ,them from its ex-^ 
cavations, or, like the birds, to help forward the work 
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of the stomacii, it is difficult to determine. When it has 
digested that portion of this strange diet which is 
digestible, it throws out the remainder, either upon the 
Surface above it, or else into one of its own or of 
Another worm's deserted galleries, in those ^miliar 
vermicular lumps which are called worm-casts. . 

The animal and vegetable portion of the ejecta of 
worms is no doubt a very valuable manure ; but this, 
perhaps, is not the principal value of their casts ; for it 
must not be forgotten that the chief part of their sub- 
stance has been previously abstracted from the soil, as 
the worm feeds upon it; and, however much altered 
part of it may be by passing through the creature's 
bowels, it does not seem that the bulk of it acquires any 
new qualities to add to its worth as food for plants ; for, 
as the worm swallows the small particles of wood and 
the fibres of dead roots, so, to all appearance, it ejects 
them, hard and tough. But, as we shall see, these 
contemned animals have another less obvious, but, per- 
haps, more important office. Thirty years ago, or 
more, a letter was sent to the editor of some periodical 
publication, in which the writer asked an explanation of 
the following circumstance :-*-IIe had manured a grass 
field with a white substance — bone-ash, or chalk, or 
lime— and upon removing the turf not very many years 
afterwards, had found that his white manure had sunk 
down, in a still visible stratum, to the depth of about 
three inches, having a dark-coloured loam above it. 
Several conjectures were ventured upon this remarkable 
phenomenon, but the right interpretation of it was not 
then understood ; for it can hardly be doubted that it 
was the work of the worms, which had let down, by 
means of liheir excavations, the white matter> which they 
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did not like, and therefore avoided, while they had thrown 
up their dark-coloured casts ahove it. The reader may 
have seen, perhaps, in a little book — " Humble Crea- 
tures'*^ — published not loug ago, that Mr. Wedgewood, 
a friend of Mr. C. Darwin's, had observed and compre- 
hended the same process twenty years back. He had 
seen reason to think that the soil in some of his pasture 
fields had materially increased in depth within a few 
years j and, to satisfy himself whether it was so or not, 
he examined it in several different places, and every- 
where found proof of the same singular fact— there 
was the usual good pasture soil on the surface, and 
Tinder it the pebbles, cinders, and lime which had been 
thrown on with the manure. Where this matter had 
been applied three years before, there he found above it 
a vegetable soil of an inch in depth ; while in another 
field it was buried three inches deep, itself forming a 
separate layer an inch thick. Mr. Wedgewood's con- 
jecture that it was the earthworm which had been the 
agent in this remarkable operation, was fully confirmed 
by Mr. Darwin's subsequent observations. He found — '- 
as is always the case in favourable weather — that well- 
iiigh the whole surface of the grass field was covered 
"with the ejecta of the worm. Although the casts of the 
larger worms are the more conspicuous, standing up as 
little mounds at no great distance from one another, 
yet they may not, perhaps, effect so much upon the 
whole as the smaller heaps of the greater multitude of 
younger worms, which are hidden under the herbage. 
**0n carefully examining between the blades of grass," 
says Mr, Darwin, ** I found scarcely a space of two 

. , * Page 20. - 
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inches square without a little heap of cjlindrical 
castings." 

It is not mentioned in the book quoted that that 
eminent natural philosopher made any experiments to 
ascertain the rate at which a worm will occasionallj 
tlut)w up the soil. He probably did so, however, and 
must have found that the quantity of matter thus moved 
was sometimes truly astonidbdng : mould to the amount 
of two cubic inches has been ejected, under favourable 
circumstances, in the course of a week. When he says 
that '' the worm is unable to swallow eoarse particles," 
he means, no doubt, small pebbles ; for coarse particles 
it swallows in abundance, as will be obvious to any one 
who will break up the casts of a large earthworm, or 
examine the contents of its stomach. It is its faculty 
of thus bringing up from below a great quantity of 
mineral matter that appears to render it so important 
an agent in nudntaining the fertility of Hie earth's sur- 
face. The decaying vegetable fibre, being much lighter 
than the clay, sand, and grit, with which — ^as in the 
case of the drained bog, or the pure leaf-mould — ^it 
must be mixed before it can form a fertile soil, would 
naturally maintain its position at the top : there it fell, 
and there, for the most part, it would lie, until it was 
dissipated in one way or another, without being of much 
use for any purpose; but the worms eject their casts 
upon it, and bury it under a covering in great part 
mineral ; and when the whole is well mingled together 
by the heavy rains and the tread of animals, it becomes 
just such a compound — sufficiently adhesive and tena- 
cious, and yet easily permeable — as the gardener likes ; 
and which, under the name of virgin loam, he brings in 
to his potting-house for his choicest purposes. 
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As the worms desert their old hurrows, the soil sinks 
in and fills them; and hjthis means a constant circula- 
tion is continued, the vegetahle mould extending itself 
downwards, while the " dead soil" — ^that is, the purely 
mineral matter — ^is brought up, and so the cultivable 
staple increases. If we examine even the unmoved 
gravel in the pit, wherever it is not too deep below the 
surface, we shall find that the worms are invading it, 
eating out the sand between the stones, and running 
their excavations down in favourable places, plastering 
them, too, round the sides, with the peculiar slime and 
earthj matter with which thej puddle them to keep out 
the wet, and leaving their excrem^t in them; thus 
gradually changing the colour of the mass, and making 
it fit for the roots of the herbage above to strike into. 

It is believed to be a mistake, however, to suppose 
that the growing vegetation is supported chiefly by 
vegetable decay* A certain essential portion of its 
carbon — ^that is, its vegetable matter — the rising plant, 
it is thought, must thus obtain; but it is dependent 
upon the atmosphere for its chief supply, having the 
power of elaborating carbon from it by means of its 
leaves. What the plant specially wants from the soil 
is mineral matter ; and this the earthworm keeps within 
its reach, by continually transferring it from below up- 
wards, in a properly comminuted state. Every shower 
that falls washes away some of this valuable matter, as 
any one may see who will watch the rills which trickle 
over the surface at the time; and if the rain is heavy, 
it carries off a great quantity of clay and sand. The un- 
avoidable consequence of this natural operation would be 
that the upper layer would consist chiefly of the coarser 
materials, the larger grit and stones, which would be 
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ill adapted for tbe support of tbe more valuable kind of 
herbage. But the earthworm supplies the waste ; and 
in this way is an agent of which geology must take 
notice ; for denudation and its consequences — ^the filling 
up of valleys and lakes, the growth of deltas at the 
mouth of rivers, and the accumulation, of strata on the 
sea-bottom — would all go on more slowly if the worm 
did not bring up fine matter to the surface for the rain 
to sweep off. 

The earthworms are not, however, the only moulds 
makers. In the ants they have active, and in many 
places efficient, coadjutors in that work. These wonder- 
ful insects, as is generally known, live in communities, 
like the bee, a great multitude of them being associated 
under a sort of government, occupying a common nest, 
and, according to their several offices, taking part in all 
the labour which is needful for the general good. 

It is with their habitations, however, that we are 
concerned ; and it will be seen that these very generally 
answer the same important part in the economy of 
nature as the worm-casts : they keep a supply of mineral 
matter on the smface, where the soil would be otherwise 
covered up and rendered unproductive by masses of half- 
decayed vegetable fibre. Dr. Livingstone observed this 
beneficial result of the labours of the ant in the tropical 
forests of Africa.^ ** These insects," he says, *^ are the 
chief agents employed in forming a fertile soil» But 
for their labours, the tropical forests, bad as. they are 
now with fallen trees, would be a thousand tim,es worse. 
They would be impassable on accoimt of the heaps of 
dead vegetation lying on the surface, and emitting worse 
effluvia than the comparatively small unburied ooUec-* 

^ Mimonary Travels, p. 540, 
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tionfl do now." And again, speaking of the more open 
country,^ On these flats " are many mounds where 
the gigantic ant-hills of the termites have been situ- 
ated. No one who has not seen their structures can 
fancy the industry of these little labourers. They seem 
to impart fertility to the soil which has once passed 
through their mouths." Ko doubt this communicatioii 
of additional fertility to the spots on which the termites 
have worked, when compared with others which have 
not had the same advantage, depends upon their habit of 
heaping up jnineral matter to raite and strengthen their 
<atadels, which is thus incorporated with the decaying 
vegetable fibre. 

That our ordinary ant-hills are constructed of the 
mineral portion of tlie soil on which they rest, any one 
will be convinced who will examine them in our pas- 
tures; {Cnd this seems to be the material chosen here 
by the whole genus with but few exceptions, " The 
structure of the turf-ant, a small species, consists of 
small grains of earth, piled up without any other cement 
than water. We have seen it made up almost wholly 
of grains of sand." " The yellow ant uses the dust of 
decayed wood, and mixes this with earth and spiders' 
webs," " The nest of the fallow ant, the largest of our 
British species, presents a rude appearance. Externally 
it seems nothing more than a hillock of sand and earth, 
with bits of wood, dried particles of leaves, portions of 
twigs, and even grains of com, all mingled together." 
** The brown ant makes storied habitations of clay," 
'' Many ants in the warmer parts of the globe make 
wonderful structures, which have attracted the notice of 
travellers. Malouet saw, in Guiana, ant-hills from 

^ MisdoTvar^ Travels, p. 208« 
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fifteen to twenty feet in height^ and fi*om thirty to fort^ 
feet in circumference at the base." " Others, again^ 
make huge nests of clay in the trees, conspicuous at a 
great distance.''^ In other instances these insects prefer 
underground dwellings, and then they throw out on the 
surface the day and sand which they remoye from their 
excavations. 

It is manifest, therefore, that wheresoerer these little 
creatures swarm, as they do frequently in the un- 
cultivated regions of the world, their labours, like those 
of the worms, must have a very notable effect upon the 
constitution of the soil ; and that, precisely in the places 
where there would be the greatest deficiency of mineral 
matter on the surface — ^that is, in the warm and damp 
inter-tropical forests — ^there their efforts are the most 
energetic and ihe most effective. And it is further 
well worthy of remark that both ants and worms pursue 
their important vocation to the very limits of vegetation: 
wherever they can be of use, there they seem to be 
present. Not only on the lower parts of the Himalaya 
did Dr. Hooker find " the soil and bushes everywhere 
swarming with large and troublesome ants," accom- 
panied with " enormous earthworms," but when he had 
reached a height of 15,500 feet, they were still to be 
seen " on the sunny exposures."^ We may well sup- 
pose, then, that wherever a surface of rock has crumbled 
down into such a layer as will give a footing for the 
establishment of a plant, there these joint pioneers of 
cultivation are ready to begin their operations. 

We may witness something of all this even in ouif 
own gardens ; where may be learned, too, its ultimate 

1 Museum of Animated Nai, vol. ii. p. 879. 
' Himxdaya, vol. ii. p. 93. 
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purport. A newly-laid gravel walk, as has been already 
said, is a tolerably exact representation of many a hill-^ 
top when it first emerged from the waters in which its 
materials had been deposited. And if man is not care- 
fid in keeping such a walk in order for his own use, it 
is curious and most interesting to observe how soon the 
little creatures, whose mission it is to make it pro- 
ductive for the general benefit of living things, begin 
their work upon it. Should it chance to be in a damp 
situation, the worm invades it from each side, breaking 
into it from underneath, lifting up small patches of it, and 
ejecting upon the lichens and mosses, which it is sure to 
produce, its valuable casts, drawing down into it, too, 
whatever dead matter, animal or vegetable, may lie on 
the surface within reach. If, on the contrary, it should 
be well drained, then the ant takes possession, either 
coving it with its collection of mixed mineral and 
vegetable particles, or driving itp galleries through it, 
into which the same elements of fertihty are afterwards 
to be conveyed. In the meantime the whole is more or 
less overspread with a growth of sand-worts, or other 
plants which delight in such an arid surface, to supply 
decaying matter and further the process. In short, as 
of old it was thought that nature abhors a vacuum, so 
may we conclude from what we see going on everywhere 
around us, and even on a garden-path, that she certainly 
dislikes unproductiveness. 

When the reader next looks upon his garden, then, it 
may give an additional interest to it if he recollect that 
its mineral matter was possibly thrown down from an 
ice-berg floating over a deep sea above, and the vege- 
table soil chiefly prepared for him by the worm ; for, 
te^ close this chapter with the words of Mr. C. Darwin, 
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'^ although the notion may appear at first startling, it 
will be difficult to deny the probability that every particle 
of earth forming the bed from which the turf in old 
pasture-land springs, has passed through the intestines 
of worms." ^ 

I Rumble Creatnret, p. 23. 
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CHAPTER XII. 

Recapitulation — Conclusions apart from uncertain specidations — 
Changes which geology reveals part of a foreordained plan — 
Prepared the eaxth's surface for the occupancy of man — Such 
provisions call for gratitude — Geology makes known to us 
beneficent designs of Providence —Furnishes arguments in 
support of natural religion — May correct misapprehension of 
passages of Scripture — Conclusion. 

In the preceding chapters an endeavour has been made 
to give a plain account of some elementary matters 
bearing upon the geology of that spot of ground which 
the reader, perhaps, cultivates. Much of what has been 
said is unquestionably true of it, if it happens to be 
situated in that half of England with which we have 
been chiefly occupied ; and we cannot help hoping that 
the other part of the discussion, which, of necessity, has 
gone more or less upon hypothesis, will not have been 
wholly unsatisfactory to him. We will now briefly 
recapitulate, in proper order, the chief conclusions to 
which the facts examined must necessarily lead us, 
apart from any uncertain speculations upon them. It 
will be understood that there are a great many other 
phenomena connected with the portions of the earth's 
crust which we have been considering, and that they 
lay open the history of these strata much more com-* 
pletely than do those to which our limited space has 
confined us. This further advance in geological know^ 
ledge, the reader may, perhaps, be able to make with 

m2 
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other assistance. The task we undertook was that of 
supplying him with a guide to some simple traths, 
hased upon evidence which he would find it easy to 
ohtain at little cost, with the ohject of enabling him to 
judge for himself whether he may rely upon the enunci- 
ations of geological science in general or not. 

This evidence and these conclusions, then, may be 
viewed in the following natural sequence. The Chalk 
consists almost wholly of the harder parts, either entire 
or fragmentary, of marine animals. It must, therefore, 
have been deposited in layers, generally speaking hori- 
zontal, at the bottom of the sea. Among these layers 
are courses of flints, containing in unnumbered multi- 
tudes, the same fossils as abound in the chalk. Kesting 
upon the Chalk of this part of England is a set of strata 
called the Lower Tertiaries, made up, in some measurei 
of beds of these flints, so perfectly rolled into pebUes 
that the operation can be referred to nothing else tiian 
waves breaking for ages upon a sea-shore, and wash** 
ing away cliffs of chalk, from whence alone such flints 
could have been derived. Some part of the Chalk-sea 
bottom, therefore, was already tilted and upheaved above 
the sea-level at the time these pebbles were rounded ; 
for otherwise there could have been no diffa yielding 
such flints to be so dealt with. 

These pebbles, washed out of a portion of the Chalk 
which had emerged from the water, and strewn above 
another portion of it which was still submerged — ^mueh 
such a process as any one may see going on between 
Brighton and Eottingdean at the time of high tide upon 
many a stormy day — sank subsequently to greater 
depths ; for upon the top of them rests, not only much 
pf the Plastic Clay which contains them, but the whole 
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thickness of the London Clay, which is proved, by the 
fineness of its texture, to be the deposit ef a still, and 
therefore deep sea. From these depths the whole of 
these strata, together with the Chalk on which they rest, 
were again upheaved. It is not meant that they were 
finally raised in their present state immediately a^r the 
London Clay was accumulated. It is certainly known 
that great changes took place in the interval ; and it is 
well established that a vast length of time must have 
elapsed between the one operation and the other. But 
the consideration of these intermediate movements, and 
of the beds belonging to more than one geological 
period, that resulted from them, we were compelled to 
pass over, as the discussion of so much additional matter 
could not have been brought within our limits. Up- 
raised at last, however, the forementioned strata certainly 
were, for they are at this moment open to our inspec- 
tion, over a wide area, in the hills and valleys around 
us. During their last great depression they received 
fipom the waters their covering of Drift, a strange 
medley of clays, sands, and gravel, containing, as any 
one may easily find, masses of pudding-stone, sometimes 
of large size, rolled and unrolled, from the Plastic Clay, 
flints, worn and unworn, from the Chalk, with a great 
deal of chalk itself in small rounded pieces, besides a 
Inultitude of boulders and angular fragments from the 
still older formations which come to the surface more to 
the north : all this it is believed is incontrovertible. 

The surface on which the reader is supposed to dwell 
was, in this condition, thrust up from the sea ; and it 
must have risen bare and desolate, as the sand-bank, or 
patch of clay, which he may have seen at low tide at 
the mouth of a river. It has since acquired its upper 
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fertile staittum, which has been the result of agemnes, 
animate and inanimate, still in operation. Everj grow** 
ing plant has abstracted from the atmosphere a portimi 
of carbon, which, in the form of woody fibre, it has left 
in the soil as decaying roots, or dropped upon tbe 
surface as withered leaves and stalks, or as branches 
and trunks of trees. The worm, with assistance when 
required from the ant, and helped, too, by other animak, 
has buried this vegetable matter, heaping up over it, or 
mingling with it, a due proportion of mineral ingredients, 
to form that mould which has been absolutely essential 
for the support of the vegetation upon which has de-* 
pended, here as elsewhere, the existence of all things 
living upon the dry land. This is the astonislmg 
history of the ground upon which we tread. 

'^ Known unto God are all his works frt>m the be* 
ginning."^ The significance of this great truth strikes 
with new force, when the facts which geology contem- 
plates come into view. The revelations of this science 
enable us to look back upon the visible creation through 
a course of ages, the commencement of which is so 
distant that at first we venture on timidly when we 
endeavour to reach it in idea. And yet who can doubt 
for a moment that all the various changes which the 
strata make known to us were part of a perfectly fore'- 
seen plan, to be worked out under the operation of 
preordained laws, which could not fail to produce the 
intended result ? It was the divine purpose to intnn 
duce upon this scene a rational creature — ^man. This 
creation of the human species at a certain moment was 
not more surely willed than was the lengthened process 
of making the earth fit for the intended occupant. Man 

* Acts XV. 18. 
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akme, of all its inhabitants, ooold arrive at the know- 
ledge of such providential care. None of the lower 
orders of creation would be sensible of a want of suit- 
able accommodation, or could feel grateful that its 
needs had been foreseen and adequately provided for. 
Bat man can hardly fail to perceive his own require- 
ments, and, from the manner in which they are supplied, 
can estimate the motive which actuates Him from whom 
^e supply proceeds. He, therefore, can render a due 
return of gratitude for it; and everything he sees 
around him teaches him to fulfil that duty. 

Geological science brings before us many a fact which 
exhibits, in a clear light, the care with which Providence 
has furnished the earth for our convenience. What is 
more eondudve to the comfort of man than mineral 
coal ? So remote, however, was the age in which that 
d^Kisit was accumulated, that it might have lain miles 
deep below the other strata; but instead of this, a 
plentiful supply of it is, in many places, so near the 
flur&ce, as to be easily accessible to him. In how many 
ways does iron serve lum? The abundance of that 
«Mtel iril^n his reach corresponds with its great worth. 
Gold — a most useful substance as a representative 
of value or circulating medium— has not only been 
brought to the surface, but being, in its natural position, 
imprisoned in the hard and intractable quartz, with 
which the skilful miner scarcely knows how to deal, it 
was set free from it by the operation of natural causes 
in recent geological times, so that man, be&re he had 
made any great advance in mechanical contrivances, 
was able to avail himself of it, as he had little else to do 
but separate it from the sand which had been washed 
down with.it from the mountain tops. Copper and 
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lead, both metals of great utility, are also at>undant« 
and to be had in return for a moderate amount of 
labour* 

. If we look at any geological map, we may observe 
that the greater part of what is now dry land was 
beneath the waters of the ocean up to a late period: 
man hves generally upon what was not long ago the floor 
of the sea. It is well worthy of remark, then, that so 
many of its constituents, brought up within view, should 
be so well adapted for his use. Building-stone of 
various kinds, brick -earth, slate, gravel, and that moBt. 
valuable material, limestone, which is found in such 
great abundance, and is so widely spread, all bear 
witness to the providential care bestowed upon the 
furnishing of the earth as a fitting residence for the 
human species. 

Geology seems also to lay open to us the interesting, 
and, as regards its bearing upon natural religion, the 
very important fact that, in both the vegetable and 
animal kingdom, there were changes made, not long 
before the introduction of man upon the earth, as though 
on purpose to render it more convenient and more 
agreeable to him. It appears that among the plants of 
the older formations, so far as is known, there were 
none of those which are now found useful for cultiva- 
tion.^ The period during which the ancient coal-beds 
wei*e formed was specially abundant in vegetable pro- 
ductions; and the plants that then flourished supplied 
that store of mineral fuel which is now so essential to 
man^s comfort and progress. But among .these has 
been detected not one of those kinds which fiimish him 
with food* If from that remote period we trace the 
Miller's Testirnony ofth$ Rocks, p. 47. 
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successive floras, or groups of plants which flourished 
together at any one time, nearly to the top of the 
Secondary formations, they do not appear to have heen 
euch 88 would have suited man, as he is a gardener, a 
tiller of the earth, or a herdsman. There is evidence 
that, at the time when the upper heds of the Chalk 
series were deposited, a change in the vegetation of the 
earth was introduced, which brought it somewhat nearer 
to that which obtains at present ; but it was during the 
Tertiary ages that the needful transition was chiefly 
accomplished; and there are even entire families of 
plants, which man could ill spare, that have left 
no traces of their existence until quite late in that 
period. " Some degree of doubt," says Mr. H. Miller,^ 
" must always attach to merely negative evidence ; but 
Agassiz, a geologist whose statements must be received 
with respect by every student of the science, finds 
reason to conclude that the order of the Rosacese — an 
order more important to the gardener than any other, 
and to which the apple, the pear, the quince, the cherry, 
the plum, the peach, the apricot, the nectarine, the 
ahnond, the raspberry, the strawberry, and the various 
bramble-berries belong, together with all the roses and 
potentiUas — ^was introduced only a short time previous 
to the appearance of man. And the true grasses — a 
still more important order, which, as the corn-bearing 
plants of the agriculturist, feed at least two-thirds of 
the human species, and, in their humbler varieties in 
our pastures, form the staple food of the grazing animals 
' — ^Bcarce appear in the fossil state at all: they are 
peculiarly plants of the human period." 

Together with the grasses, its proper food, came an 

» Testimony of the Rochs, p. 48. 
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animal inferior to none in its value to man. The sheep 
most probably preceded our race by a very short time^ 
as no fossil remains of it are found in any of the strata.^ 
When we reflect upon the manner in which that gentle 
animal ministers to two of our most urgent needs— the 
millions of the human race that it clothes as well as 
helps to feed ; and consider how completely its habits 
fit it for domestication, how readily it is propagated and 
improved under our management, and how much it 
owes to us for our care and protection, thus affording 
us the great satisfaction of knowing — ^as in the case of 
other domestic animals — ^that its alliance with man brings 
with it advantages which quite compensate for what it 
has to give up in exchange for them, we can scarcely be 
wrong in concluding that it was specially introduced for 
our benefit : no gift can be imagined more useful than 
this, and it came at precisely the right lime. 

And the same may be said of one of the chief of die 
genera of fishes. The codfish, and those immediately 
related to it, if they do not supply our tables with the 
greatest delicacies, yet, even in that respect, take no 
very low rank ; and, as affording a vast qtoatky «f 
wholesome and palatable food, so easily procurable as to 
be extensively used among the masses of mankind, must 
be regarded as second in worth to no others.^ Fish of 
the salmon and the turbot kind, Mr. Miller tells us, 
" were ushered into being as early as the time of the 
Chalk ; but the gadidaB, or cod family — ^that DEimily to 
which the cod proper, the haddock, the whiting, the 
eoal-fish, the pollock, the hake, the dorse, and the ling 
belong, with many other useful species — did not precede 
man by any period of time appreciable by the geologist: 

^ Miller's Testimony of the Koch, p. 104. > Ibid. p. 68» 
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no trace of the family has yet been detected in even the 
Tertiary rocks." 

While, therefore, the study of geology displays to 
us, by evidence preserved from the remotest ages, the 
general truth of the words of the Psalmist, "Thou 
openest thine hand, and satisfiest the desire of every 
living thing," '^ it also skews us the special care with 
which provision has been mad)5 for our needs. It might 
be added, that it tells us in no very doubtful language, 
that much more than our mere necessities iiave been 
considered. Flowers, gay-coloured and sweet-Boentedy 
and the brightly-painted lepidopterous insects — flm 
moths and butterflies — which sip their sweets, and the 
bee which gathers those sweets, and treasures them up 
80 that they are accessible to us, and the " spinning 
worm," which furnishes the material for that most 

beautiful of all woven &bric8, silk,^ all this pleasing 

1 Psalm cxlv. 16. 

s "Doubtless the most valuable product of insects is silk. 
To estimate properly the importance of this article, it is not 
sufficient to view it as an appendage of luxury imrivalled for 
richness, lustre, and beauty, and without which courts would 
lose half their splendour ; we must consider it as what it is, the 
staple article of cultivation in many lai^e provinces in the south 
of Europe, amongst the inhabitants of which the prospect of a 
deficient crop causes as great alarm as a scanty harvest of grain 
with us ; and, after giving employment to tens of thousands in 
its first production and transportation, as furnishing subsistence 
to hundreds of thousands more in its final manufacture, and 
thus becoming one of the most important wheels that give 
circulation to national wealth. 

" But we must not confine our view to Europe. When silk 
was so scarce in this country that James I., while King of Scot- 
land, was forced to beg of tiie Earl of Mar the loan of a pair of 
silk-stockings to appear in before the English Ambassador, 
enforcing his request with the cogent appeal, 'For ye would 
not, sure, that your King should appear as a scrub before 
strangers ; ' nay, long before this period, even prior to the time 
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part of creation appears to have been reserved — ^in its 
fullest development at least — for that period of the 
earth's ag6 in which man was to take his place ;^ and 
grateful thanks, and willing and loving service does he 
owe to the Great Creator for such benefits* 

As these observations have been made upon the truths 
which geology — that "book of nature" — ^teaches in 
connexion with the subject of religion, it may be ex-* 
pected, perhaps, that something should be added in 
relation to their bearing upon the interpretation of 
certain portions of that other Divine Becord, in which 
we are so much more deeply interested than we are in 
any scientific inquiries. 

It seems plain, then, that it must have been designed 
that those passages of Scripture which refer to natural 
phenomena should receive such an interpretation at any 
time as man's knowledge at that time should warrant 
him in putting upon them ; and that, as his attainments 
in science should enable him to correct his former mis- 
apprehensions, he should feel himself not only justified 
in immediately seeking a new exposition of those pas- 
sages, but obliged to do so, by a regard for truth* 
Now, as respects two great events recorded in Scripture 

that silk was valued at its weight in gold at Borne, and the 
Emperor Aurelian refused his Empress a robe of silk because of 
its deamess, the Chinese peasantry in some of the provinces, 
millions in number, were clothed with this material ; and for 
some thousand years to the present time, it has been both there 
and in India — where a class whose occupation was to attend 
silk-worms appears to have existed from time immemorial, 
being mentioned in the oldest Sanscrit books— one of the chief 
objects of cultivation and manufacture* Silk, therefore, is a 
gift to man, 'scarcely inferior to that of wool/" — Kirby and 
Spence's Introduction, 1858, p. 188« 
I Testimony of tke Rocks, p. 54. 
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—the creation of the world, and the flood — ^it is ohvious 
th^t there may he thus much in common hetween them 
and natural phenomena ; there may he still in existence 
such traces of the course and progress of the one, and 
still discoverahle such indications of the limits of the 
other, as shall give to those advanced in science a 
more exact view of them than any one can ohtain from 
the study of Scripture only. And, if so, they stand 
thus far on the same ground with natural phenomena ; 
and it is unayoidahle that we should form our opinions 
About them, and understand those passages of Scripture 
which relate to them, accordingly. 

But the time does not appear to have come when an 
attempt to determine the meaning of these places of 
Scripture hy the help of science could be satisfactory. 
We must be content to look upon ourselyes as in a state 
of transition, from old opinions which cannot be main- 
tained, to some new views for the establishment of which 
we have not all the requisite data. Can it be fairly 
objected to commentators as a fault, then, that they 
have continued to explain these passages in the literal 
sense, in conformity with what they themselves, and 
most others, thought the general current of tradition 
and natural appearances, and so with truth, until ad-« 
vancing knowledge has convinced them that they are 
wrong? From all the old sources of information we 
learn the great fact — which geology fully confirms— ^ 
that man was created only a few thousand years ago. 
What wonder is there that it should have been generally 
supposed — the words of Scripture admitting such a view 
— that the rest of the visible creation had its beginning 
at the same time ? Geological science has now taught 
us that the lower creatures preceded man upon the 
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earth — some of them hj myriads of ages^ perhaps ; but 
it cannot be said as jet to have given us all the parti- 
culars of their history ; and until it shall havQ done so 
with at least some approach to exactness, it ought not 
to be demanded of students of the Bible that they should 
at once come to settled opinions upon such matters. 
We should not forget that revelation also tells us that 
all this multitude of beings had their beginning before 
man. May we not, for the present, rest satisfied with 
so much of agreement as this ? 

With reference to religion, however, one of the most 
important facts declared in the hbtory of creation is that 
of the descent of the whole human race from one pair. 
Now upon this material point science speaks as decidedly 
as Holy Writ. No one can say that, looking upon the 
strange varieties of colour, form, feature, usages, and 
language, which are found among the human family, it is 
more natural or more easy to believe that the whole of it 
had a common origin only about six thousand years ago, 
than that men sprang from several different stocks. We 
know, certainly, that the tendency among all nations 
has been to claim for themselves a descent more honour- 
able than that of those around them, and so to refer 
different peoples to different origins. When, therefore^ 
the sacred records are found to maintain the contrary 
view, and to make it the foundation of the religious 
system they teach, and science goes completely with 
Scripture as to the matter of fact, against the conunon 
opinions of mankind, we may well be patient if, upon 
other points, these two authorities should occasionally, 
seem to be divided: we may rest satisfied that the 
difficulty will pass away in tune^ as others of a like 
kind have done before. 
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But, in the meanwliile, all such difficulties show how 
needful it is that our religious belief should have a solid 
foundation ; that we should make ourselves masters of 
the evidences of revealed religion. Those who have 
duly weighed all that may be said for the Christian 
Mth, never have been, and never will be, much troubled 
about such questions as geology has raised. If any 
one is so strangely and culpably indifferent to his own 
interests, as well as to his duty, as to neglect the 
examination of the evidences of Christianity, in which 
he is deeply concerned, while he takes infinite pains, 
perhaps, to satisfy his curiosity upon some scientific 
question in which he has no personal concern whatever, 
he will have himself only to blame if the difficulties of 
the Scriptures — which are scarcely of any moment at 
all as respects the question of their substantial truth — 
should assume in his eyes so exaggerated an importance 
as to leave him without religious convictions of any 
value. 

Under such unhappy circumstances he may easily 
persuade himself that he cannot be obliged to run 
counter to what he considers to be his natural inclina- 
tions, and to follow a course for which at present he feels 
no liking, upon any inducement which has so little cer- 
tainty in it. But it would be well for him to remember 
that man's condition here is such as to require him 
to act perpetually, in all that is most essential to his 
safety and happiness, upon the best evidence he can 
obtain, although it may not be always quite satisfactory 
to him: perhaps there will scarcely be an important 
step which it will be necessary for him to take, from 
one end of his life to the other, in which he will feel 
certain that he sees his way clearly before him. 
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He may fret under such a condition if he is pleased 
to do so ; but he cannot alter it. And a fair considera- 
tion of the whole matter would conyince him that it is 
very philosophical to conclude that it is just that one 
which will at last prove to have been the fittest for 
him ; that the end of his being would not have been 
answered if he could have attained to certainty in such 
matters ; that^ in a word, since there have always been 
difficulties in the way of man's faith, and most probably, 
from one cause or another,^ always will be, they should 
be regarded as an essential part of his moral training 
and probation, one from which he could not have been 
exempt, and yet have recovered and maintained that 
rank in the series of reasonable beings which it was the 
Creator's will that he should occupy. 

And now, for the satisfaction of those who are inclined 
to think that all such *' meditations" as have been here 
pursued would be better let alone, as being, upon the 
whole, of a dangerous tendency, we will finish with 
the words of Bacon : — " If the matter be truly con- 
sidered, Natural Philosophy is, after the Word of God, 
at once the surest medicine against superstition, and 
the most approved nourishment for faith ; and therefore 
she is given to Eeligion as her most faithful handmaid, 
since the one displays the Will of God, the other His 
Power. For He did not err who said, * Ye err in that 
ye know not the Scriptures and the power of Grod;' 
thus coupling and blending in an indissoluble bond, 
information concerning His Will, and meditation con- 
cerning His Power." 
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Sbell Prisms — Sponge Spicules — Foraminifera, or Polythalamia 
— Fish Scale — Spiniferite — Ventriculites — Echinites, and their 
Spines — ^Branching Sponge — Pentacrinite — Hertfordshire Pud- 
ding-stone — Rolled Flint — Unrolled Flint from gravel-pit. 

As tlie descriptive matter required to make the 
reader acquainted with the various organisms which 
will offer themselves to his notice while examining 
the flint pebbles would have caused an inconvenient 
break in the thread of the argument, if it had been 
introduced in the foregoing pages, it was thought 
advisable ,to throw everything of that kind into 
an Appendix, in which the Plates should be ex- 
plained, and BO much given of the natural history 
of the several animals represented by the fossil 
remains, as seemed needful for their better eluci- 
dation. 

Plate /., Fig, 1, ^ At to d. — Shell Prisms. — The fossil 
form which of all others is the most abundant in the 

^ The sign x means ** magnified ; " x 10, means magnified 
ten times ; x 20 and x 100, magnified 20 and 100 times, and 
so on. 

N 
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flints from the chalk is the shell prism. There are few 
such pebbles, perhaps, in which these remains could 
not be found. When in their simplest condition they 
are peg-like bodies, having most commonly one blimt 
and one pointed extremity ; but not imfrequently they 
are sharp at both ends, as at Fig. d. Although when 
floating in the flint they usually appear to be round, 
they are in reality prisms, with three or more flat sides, 
as they' are here represented. Before they are sepa- 
rated by the progress of decay they are joined side by 
side, as at Fig. a, like the cells in a honey-comb, though 
not often with so much regularity. 

These fossils require but little explanation. It is 
proved, by the remains which are to be found every- 
where in the chalk, that, in the sea which deposited it, 
there was an abundance of certain bivalve moUu&ks, * 
with shells of a peculiar structure. They were not 
formed of the same kind of horizontal laminae, or plates, 
as are seen in the shell of the oyster ; but of prisms — 
many-sided slender columns— which passed vertically 
through the shell, from its inner to its outer surface. 
One consequence of this conformation was a great degree 
of brittleness : the dead shells soon broke to pieces, and, 
as their decay proceeded, separated into the prisms of 
which they were originally constituted. Fragments of the 
Inoceramm Lamarckiiy a large bivalve of this kind, are to 
be found affixed to the outside, or enveloped in the sub- 
stance of many flints ; and the prisms, either single, or 
two or three united, are almost everywhere met with in 
the greatest profusion, as well in the chalk as floating 
in the flint : they will soon become very familiar ob- 
jects to those who are engaged in these investigations. 
They, of course, differ greatly in size, according as they 
come from larger or smaller shells, or from the thicker 
or thinner parts of them. 

The small pieces of such shells, which were originally 
inclosed in the flint, having been very commonly diai- 

^ Shell-fish, having two shells united by a hinge, like the 
eommon mussel : univalve shells are those which have one shell 
only, of a spiral form, as in the snail. 
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solved, have left cavities in the stone with the top and 
bottom parallel to one another, and columnar sides — a 
sort of miniature likeness of FingaFs Cave — with, not 
imfrequently, siliceous stalactites reaching from the 
roof to the floor. One of these impressions upon a chip 
of flint, with the upper part ground away for the better 
exhibition of the bottom and sides, is represented of the 
natural size at b, Fig. 2, PL I. 

Plate /., Fiff. 2, e to t. — Sponge Spicules. — Some kinds 
of sponge spicules are also very common, especially 
those with the letters g, h, k, and p ; though few of the 
others will long escape a careful search. When im- 
mersed in the flint, they are generally of the same milky 
colour as most of the other fossils ; but they are to be de- 
tected occasionally adhering to, or partially lining cer- 
tain tubular channels, which, in a branching form, inin 
from end to end of some flints, such being themselves 
fossil sponges. 

Connected with these spines, and occurring, though 
more rarely, in the substance of the flints, and in the- 
same tubular passages, are very beautiful patches of net- 
work — at m^ Fig. 2, PL I., a small portion of one form 
of this network is given. The simple solid globule, as 
at ky though usually without the shaft attached, is 
everywhere disseminated. The globule with spines (i) 
is just as rare. 

The true nature of the sponge remains still an un- 
settled point. The boundary which separates the animal 
from the vegetable kingdom, so far as the knowledge of 
the naturalist extends at present, is of so indefinite 
a character that, in particular instances, great diffi- 
culties stand in the way of determining to which of 
those divisions certain organizations belong. There is 
a large group of minute microscopic objects, the Dio- 
tomacese, which until lately were regarded by most per- 
sons as animalcules ; and to an ordinary observer, who 
saw one of them moving about in the water, to all ap- 
pearance with a determinate object, and then, perhaps, 
rolling an atom of sediment up and down its whole 
length, first on one of its sides, and then on the other, 

n2 
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there would seem to be no doubt of it. But they are 
now claimed by the botanist as in his province, and are 
most commonly held to be vegetables. The sponge, on 
the contrary, fixed to the rocky bottom like a searweed, 
would be thought by those not skilled in such inquiries 
to be some kind of plant ; and many a fungus which 
grows attached to trees, or in the woods, might supply 
him with what he would readily think a tolerably good 
object of comparison. But it is generally considered, 
nevertheless, that sponges should be assigned to the 
animal kingdom. Some writers, indeed, look upon 
them as a sort of link by which the two kingdoms are 
united ; and so regard them as holding an intermediate 
place, and partaking of a double character — as, literally, 
animal plants. 

The reader is, perhaps, aware that what are called 
Zoophytes, that is, animal plants, such as corals, and 
the organisms allied to them, are truly animals, although 
they have oftentimes a very plant-hke form. They are 
attached to the sea-bottom by what looks like a root, 
and throw out, as they grow, what may be compared 
to branches; but they have no real connexion with 
vegetables notwithstanding — their nature is animal 
throughout. 

It would be quite out of place here to enter into any 
discussion of the difficulties which stand in the way of 
determining the real character of sponges : all that can 
be done is to give a description of them so far as is 
necessary to explain the nature of their remains which 
are found fossil in the flints. 

Most persons are sufficiently well acquainted with 
the appearance of the common sponge as it is imported 
from the Mediterranean for domestic use : uncut speci- 
mens of more than one kind may be seen displayed at 
all times in the windows of those who sell them. But 
it may not be known to everybody that the cup-shaped, 
or globular tissue of interwoven fibres which he pur- 
chases, is merely the framework of the animal : it is no 
more the sponge itself, than the skeleton is the man. 
When alive this network was covered everywhere with 
a gelatinous coating, much as though it were now dipped 
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into white of egg, or something a little more tenacious 
with which had been mingled a multitude of trans- 
parent granules. This glairy matter had the power of 
secreting the tough elastic fabric which was to be its 
support. 

It will be seen, on a careful inspection, that the 
meshes, although at first sight they may appear to be 
in great confusion, are nevertheless so arranged as to 
form channels, or tubes, some large and some small, 
which pass in various directions through the sponge ; 
oftentimes running into one another, and terminating 
at last on the outside in round apertures. These — ^the 
smaller of them more particularly — are called pores ; 
and from this structure it is that the whole family has 
its name, porifera — animals with pores. 

It is thought that the sponge in its living state imbibes 
the sea-water very much as its framework drinks up that 
which we press from it when bathing ourselves. The 
element which supplies its food seems to be absorbed 
by the minor tubes through the pores, by what is called 
capillary attraction — that curious power hj which a 
liquid is drawn up by, or naturally enters into a very 
small tube, or among a bundle of filaments — and then, 
by the rapid vibration of certain cilia — hair-like appen- 
dages which spring from the living film — or else by the 
exertion of some other effort not yet understood, to be 
driven out again through the larger channels. At all 
events such a circulation goes on, no doubt for the 
animal's nourishment, its food being, possibly, the 
small marine vegetables, algse, which float freely in the 
water. 

The sponge seems to be propagated in more ways 
than one. It is sometimes reproduced by gemmules, 
or, as it were, buds. At the proper season of the year 
little protuberances shoot out from the gelatinous 
matter which lines the larger passages, and, in the 
course of time, assuming an oval form, separate them- 
selves from the parent mass ; and having in this con- 
dition, by means of vibratile cilia, the power of locomo- 
tion, as though they were allowed to travel a little before 
they settled down for life, they move about till they 
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find a suitable resting-place, when, anchoring themselves 
to some rock or stone, they take up the position in 
which they are to remain stationary during the rest of 
their existence. It used to be the opinion of naturalists 
that, when sponges in their living state were fcut or 
torn, slight contractile or tremulous movements might 
be observed in them; but more careful experiment 
seems to have produced a general conviction that no 
such signs of feeling can be elicited by any means. 

We should have a very inadequate notion of these 
creatures, however, were we to suppose that they were 
all like the sponge of commerce just described. There 
is not only a considerable variety in size and form 
among them— some being very small and others of large 
dimensions, some being fan-like, others branching irre- 
gularly, while others again, as most persons know, are 
spherical, or chalice-shaped — but there is, also, a great 
deal of difference in their internal constitution, for 
while one kind secrete nothing but a wool-like maze as 
their skeleton, others are able to produce a perfectly 
rigid frame of lime or flint, which, when cleared of its 
gelatinous covering, has been compared to a mesh- work 
of spun glass.* 

But in addition to this support, many sponges are 
furnished with spicula, or spines, either of lime or flint, 
which are so placed in the living jelly as to impart to 
it a considerable degree of firmness. In some species 
the sides of the larger canals are studded with these 
spicules ; in others they make up nearly the whole of 
the framework itself; and they are not very uncom- 
monly found under both these conditions in the fossil 
sponges of the chalk-flints. For these harder and less 
destructible parts would be likely to remain though the 
softer portions of such organisms had disappeared: 
and they have accordingly been frequently preserved. 

There is very sufficient proof that sponges were most 
prevalent in the sea of the Chalk ; and the presence of 
these spicules in large numbers in the chalk itself, and 
in the flints which come from it, confirms the &ct. 

^ Mantell, Medals of Creation, p. 250. 
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Their forms are various ; and some of them are of great 
elegance. A glance at PI. I., Fig. 2, will give a better 
notion of them than could be conveyed by any verbal 
description. The most common among them is the 
acicular spicule, straight or curved, as at /? ; and the 
next in abundance is the tri-radiate, as at h. This last 
is usually figured as if it consisted of nothing more than 
three spines radiating from a centre, and so it commonly 
appears when floating in the flint ; but in general — 
perhaps always when it is complete-it has a fourth, 
and longer shaft, which springs from the point at which 
the other three unite, at right angles to them, as at_/ 
The same may be said of the forked tri-radiate spicule, 
g ; which is seen in its perfect form at e. The star- 
shaped spicule, /, has also a shaft from the centre. These 
three may be likened to nails with ornamental heads. 
The spindle-shaped spicule, with raised rings, o, is far 
from uncommon ; the more finished form of it, with 
a tri-radiate summit, «, is of rarer occurrence. Of cer- 
tain globules, to be described hereafter, as hardening 
the integument with which, in some instances, the aid- 
mal is covered, there are unnumbered fossil specimens, 
both in the chalk and in the pebbles — they are them- 
selves usually of flint. The spiued globule, «, is of very 
small size ; and on that account, perhaps, frequently 
escapes detection. The remaining forms present them- 
selves occasionally. 

The observations of Professor Williamson ^ upon spi- 
cula found by him in the white mud of the Mediter- 
ranean—modern chalk — ^the remains of sponges living 
at present in that sea, several of them being precisely 
like those in the flints, apply so directly to the elucida- 
tion of the nature of these bodies, that they may be 
well introduced here. "The most common among 
them," he says, " is the calcareous tri-radiate. It oc- 
curs in many living species. The siliceous acicular 
spiculum is also abundant ; sometimes with one end 
thickened like the head of a pin, at othei'S pointed at 
each extremity. The latter is the most common form. 

1 Mem, of Manchester Phil, Soc,, vol, vlii., New Series, 
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Spicula occur which, probably, belong to some species 
of Tetheia, In the fibro-fleshy texture of this sponge 
there are bundles of spines which radiate from the cen- 
tre to the circumference, some of them passing through 
the thick skin, or rind. In the latter are bundles of 
shorter spicules ; and in the interstices between them 
are sparingly scattered minute stellate siliceous bodies 
of great beauty, resembling in form the bossed iron 
balls hung by a chain to the war club used in the early 
ages/' ''I have also found a considerable number of 
small siliceous balls, which belong to some species of 
Geodia, In this, as in Teiheia, we meet with long radi- 
ating spicula, but with the external extremity often 
divided into three recurved points like grappling-irons. 
The skin, or outer crust, is dry, and consists of an aggre- 
gation of small siliceous globules, cemented together by 
an organic mucus, so as to form a solid pavement." 
" By what mysterious process," continues the professor, 
"the simple textures of the sponges have the power 
of throwing into such exquisitely beautiful forms the 
silica obtained from the waters of the ocean, it is im- 
possible to say. The manner in which each species 
preserves its own, in many instances peculiar form, in- 
dicates^ that there is some apparatus for efifecting the 
object which has as yet escaped detection.*' 

When we have acquainted ourselves with the spicules 
preserved in the flints, whether floating in the trans* 
parent mass, or loose in the cavities, and have seen 
them so continually associated with the beautiful net* 
work of these organisms, and have then compared 
them with those from the chalk, and learn, from such 
observations as those of Professor Williamson, that 
the identical forms, supplied by decaying sponges of 
the present time, are being deposited in a very similar 
substance at the bottom of the Mediterranean, we 
shall at least have no doubt of the origin of the fossils 
before us: we shall be convinced that they are the 
remains of similar animals which, ages ago, were in* 
habitants of the chalk sea ; for the flints of our surface 
soil could have had them from nowhere else. 
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Plates IL to X — Foramdofera, ^ or Polythalamia.' — 
These beautiful little creatures, the remains of which 
are the most varied, as they are the most interesting 
of these microscopic fossils, demand a more detailed 
notice. 

" Zoologists," says Professor Williamson in the 
paper quoted before, ** have long been acquainted 
with the existence of recent and fossil forms of 
microscopic chambered shells from almost every 
European country.** It may be as well to notice 
here that they are exclusively marine ; none of them 
have ever been detected living in fresh water, or fossil 
in a fresh- water deposit. 

"In 1732," he continues, "Breyn pointed out the 
resemblance between many of these forms and the 
recent Nautilus ; which view was also adopted by 
Gtesner." The recent, or still living mollusk here 
referred to, is the Pearly Nautilus — Nautilus Pom- 
pilius — whose large and beautiful girafiFe-striped cham- 
bered shell is so well known as an ornament for the 
mantelpiece or chiffonier. The inner layers of this 
shell are of mother-o*-pearl, while the outer part is not 
unlike porcelain in appearance. The ingenious Chinese 
take advantage of this structure, and carve a variety of 
patterns out of the more opaque portion, leaving the 
shining mother-o*-pearl underneath to relieve them ; 
or else, clearing away the upper layers altogether, they 
engrave their figures on the smooth surface left. In 
one or other of these conditions, or sawn through the 
xniddfe to display the gracefully curved chambers, it 
must be familiar to most persons. A glance at one of 
the halves of the shell will be sufficient to convince 
any one that it was a mistake which the earlier zoolo- 
gists were hkely to fall into when they concluded that 
the foraminifera, resembling it closely in appearance^ 
were nearly allied to it. 

1 FORAMINIFERUM,^ — an animal having foramina, or holes, 
through its shell. The shell in many species is pierced aU 
over, uke a colander. 

^ POLTTHALAMIUM, — an animal occupying a shell of many 
chambers. 
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But however similar these shells may be in their 
general outline, and in their division into chambers, 
there is no kind of connexion, or even likeness, between 
the animals which inhabit them. The Nautilus is one 
of the cephalopodous moUusks, or cuttlefishes ; among 
the most highly organised of shell-fish, therefore ; 
while the foraminifera are thought to be akin either 
to the infusoria — animalcules which breed readily in 
vegetable infusions ; or to the bryozoa — moss corals — 
an order of polypes ; and certainly occupy a very far 
lower place in the scale of creation than the Nautilus. 

Nothing, however, was certainly known of the true 
character of these minute creatures imtil a few years 
ago. M. Dessalines D'Orbigny, who gave much time to 
the consideration of them, adopted the opinion that 
they were nautiU, and included them in his classifi- 
cation of the cephalopods. He ascribed to them an 
external animal, bearing the form of a sepia — one of 
the cuttlefishes — the little shell itself being regarded 
by him as an internal bone. ^ 

The Spirula, which is a cephalopod, has a chambered 
shell, not unlike that of some of the foraminifera, 
encased within the soft parts of its body, and serving 
the purpose of a bone ; and because the shell of the 
foraminifera has not a large open mouth, like the Nau- 
tilus, but seems, to those who examine it improperly, 
to be everywhere closed, like the bone of the Spirula, 
80 that the animal inhabiting it could have no commu- 
nication with the element in which it lives, M. ^D'Or- 
bigny thought that it was likewise an internal *shell ; 
and so, reasoning from analogy, he concluded that the 
creature which owned it was a cephalopod allied to the 
Spirula. 

M. Dujardin was one of the first who studied these 
little animals with any success. He placed them among 
the infusorial animalcules. He conceived that, like the 
Amoeba, one of the lowest of that class, they consist of 
an animated slime, capable of extending itself through 
the foramina, or pores of the shell, into pseudopodia^ 

^ Professor Williamson, as above. 



APPENDIX. 187 

or false feet, looking upon their filiform processes — to 
be hereafter particularly described — as organs of a 
similar character. 

Opinions were thus divided, when the subject re- 
ceived additional light from the investigations of Dr.' 
Ehrenberg, the celebrated microscopist of Berlin. He 
proved that the foraminifera, or polythalamia, as he 
calls them, have no connexion whatever with the Nau- 
tilus, and that their shells are not internal bones. 
"It is at once evident," he says, "that there i6 no 
outer body surrounding the shell, but only an interior 
soft one ;" ^ and he thinks that the animal itself is 
related to the bryozoa among the zoophytes. " When," 
he says, " Dujardin, calling them by the new name of 
Khyzopodes, expressly compares the polythalamia to 
the Proteus — Amoeba— of the infusoria ; such an asso- 
ciation cannot be admitted, unless it be first proved 
that a polygastric structure exists in those bodies." ^ 

His reasoning, however, has not been considered 
very convincing. " Authors agree on the whole with 
Dujardin," say the editors of the Micrograpliic Dic- 
tionary, so lately as in 1855.^ " He views the forami- 
nifera as allied to the Arcellinse," a family of infusoria, 
some of which correspond to the Amoebae which are 
contained in a carapace, or shell. From an aperture 
in the siliceous case of these Arcellinse, one or more 
flattened expansions are protruded, which, of course, 
resemble in some degree the tentacles, or filiform pro- 
cesses, which, as will be shown presently, issue from 
the sieve-like shells of so many of the foraminifera. 
These organisms, then, it may be concluded in the 
words of the Micrographic Dictionary, " are so imper- 
fectly known, that little can be laid down with certainty 
concerning their systematic relations." 

Any one engaged in these pursuits who desires to 
enlarge his acquaintance with the forms of these most 
beautiful little shells, may find a considerable variety 

^ Scientific Memoirs of Foreign AcademieSf Vol. III. part x. 
page 342. 
^ Mcujaz. Nat, Hist. Jvly 1841, p. 38t>. 
* Article " J^ommtJw/cr a." 
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of them among the sand which comes in the sponges 
from the Mediterranean. When those who deal in 
sponges buy a new stock, they are sure to have a 
quantity of sand with them, which is sometimes full 
of well-preserved specimens of foraminifera. Not a 
few of tnem may be obtained from the sea-weed — ^the 
more delicate kinds especially — which is thrown up on 
our own shores ; and even the dirt which adheres to 
the shell of an oyster will occasionally supply a species 
or two. 

A good general idea of the character of the whole 
family may be formed from an inspection of the Itosa- 
Una Beccarii, a foraminifer abounding on the coast of 
Essex, which may be easily kept alive in sea-water. 
This animalcule (PI. X., Figs. 41 to 44) when de- 
prived of its shell (Fig. 43) may be seen to consist of 
a round ball — which is the original germ — and several 
other joints — in this case nineteen — which have been 
added to it, each new one being larger than the one 
which preceded it. They are united by a single tube, 
somewhat like the sipho of the Nautilus, which passes 
from one chamber to another through the whole series. 
It is not meant, however, that the tube of the forami- 
nifers and that of the Nautilus are similar in anything 
but appearance. The Nautilus occupies only the outer- 
most chamber of its shell, while the sipho maintains 
its place through all the other empty chambers, which 
the animal partitions off behind it, as it grows too 
large for the smaller part of its habitation. The fora- 
minifers, on the contrary, leaves no part of its shell 
unoccupied ; but when it has filled up one chamber, 
adds a new one. Its tube, therefore, is the connecting 
link of its several joints ; what more it may be is not 
known. 

As Ehrenberg says, the later formed, or larger 
divisions of the animalcule, are less opaque than the 
others. This difference is more apparent before the 
shell is taken off than afterwards; perhaps because 
the walls of the larger chambers are thinner than those 
of the smaller, and therefore have less colour in them. 
There are granular patches of a darker hue here and 
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there in the substance of the animalcule (which are 
shown in Fig. 43) ; and from these spots proceed 
occasionally tubes, by which oval sacs — supposed, mis- 
takenly, as is thought, by Ehrenberg to be egg-sacks^ 
are connected with the pierced shell (Fig. 44). 

These purses, several at one time, may grow in- 
differently, as it seems, from any like number of 
chambers, whether small or large, if, perhaps, the 
.original ball be excepted ; and they may proceed, 
moreover, from either face of the shell, the upper or 
lower, lilie sac and its tube are membranous, and 
when the shell is dissolved they continue unaltered, 
and attached to the membranous remains of the shell. 
They do not appear in the fossil state : from their 
perishable nature they were not likely to be so pre- 
served. Ehrenberg says that they are protruded in a 
soft condition, like frog-spawn, and afterwards swell 
and harden. There seems little doubt that they have 
something to do with the reproduction of the animal- 
cule : a very large proportion of the dead shells found 
in the early summer have such sacs attached to them. 

In some kinds of recent foraminifers the joints or 
chambers are connected by several tubes, instead of 
having but one, as in that just described. The fact is 
certain, but the meaning of the structure so indicated 
is not understood. The distinguished investigator so 
often referred to thinks that, in such cases, there are as 
many different animalcules, packed one over the other, 
as there are tubes passing through the partitions of 
the shell ; so that it is a polypidom, or habitation of 
many polypes associated together, which is not un- 
frequent with such organisms. But Professor William- 
son has shown — and it is sufficiently obvious upon 
proper examination — ^that the number of the passages 
is greater as the animalcule adds to the number of its 
chambers. This seems irreconcilable with Ehrenberg's 
hypothesis ; since, to fulfil the conditions of it, there 
ought to be as many animals, and, therefore, as many 
tubes, in the smaller as in the larger chambers. 
Whether these Polysomatia — many-bodied animals — as 
Dr. Ehrenberg calls them, were peculiarly scarce, or 
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had no existence in the Chalk sea, it is not possible to 
say ; but among a large collection of fossil specimens 
no such structure is visible, although the single tube is 
often well preserved, and very conspicuous. 

Fig. 41, PI. X., represents the living animal, Bosa- 
Una Bercariiy in its sieve-like shell, the under sur- 
face being towards the observer, as it was attached to 
the side of a test-tube by bundles of long branching 
filaments thrust out through the foramina — minute 
holes — with which the shell is everywhere pierced, the 
only other opening, as is usual in this family generally, 
being a much larger, though still small aperture in the 
otherwise closed mouth of the shell (see Fig. a, C, PL 
VIII., a:). These filiform processes work backward and 
forward, among and over one another, without entangle- 
ment, although they are greatly finer than the web 
woven by a young spider. Occasionally one of them, 
instead of being drawn stitught in, appears to be 
brought round by some means or other, as at Fig. 41, 
PI. X. ; and after having reached the side of the 
shell, perhaps, it disappears through the minute tube 
appropriated to it, without any interference with those 
tentacles across which it must pass in its way back 
again. This is strange if these filaments are merely 
slime, without any proper integument. 

The bundles of filiform processes are represented in 
the [)late as though they came from the margin of the 
shell, or from its upper surface only. This is not so : 
they are protruded from all parts of it, sometimes in 
one direction, and sometimes in another. As, how- 
ever, in consequence of the transparency of their tex- 
ture, they were not easily traced to the exact spot 
whence they issued, they were drawn as they appeared 
to the eye. 

The use they make of these tentacles while in the 
test-tube is not only for attachment and locomotion, 
but for covering themselves over with a thick coating 
of the flocculent sediment of the sea- water. For this 
they fish unceasingly, dragging up to their sides ^very 
little particle within their reach, until they are com- 
pletely hidden in it. It can hardly be that they take 
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all this trouble because they do not like exposure to 
the light, for they choose to work their way out of the 
sediment at the bottom of the vessel in which they 
are kept ; and they go on with this labour if placed in 
the dark. They may, perhaps, provide this covert to 
entice and detain their prey, as infusoria and diato- 
macess betake themselves to it, and harbour in it in 
abundance ; or it is not impossible that the decaying 
matter thus collected may itself be their food. 

Their locomotion, is chiefly by jerks ; suddenly dis- 
engaging from the glass all the filaments which are 
extended in one direction, they are drawn along 
quickly, though for a very short distance, by those 
that are stretched the other way. When once covered 
well up in their favourite sediment, however, they do 
not seem to have much inclination to traveL Occa- 
sionally the processes may be seen — as at Fig. 42, PI. 
X. — radiating from all parts of the shell, and undu- 
lating freely with any motion of the water. 

There is an animalcule, the Gromia — very commonly 
associated with the foraminifers on our coast, especially 
upon the marine plants growing ijnder water in oozy 
places— which in its habits, and, in one very manifest 
respect, in its constitution, is singularly like them. It 
is about the same size as the Kosalina just described, 
and consists of a tender membranous sac, of a spheri- 
cal form^ and dirty orange colour, having on the lower 
side a large round aperture, out of which issue here 
and there bundles of veiy slender branching threads, 
exactly like those of the foraminifers, but much longer 
in proportion, as they occasionally extend to ten times 
the diameter of the sac, while those of the others 
seldom measure four of the diameters of their shells. 

It is, comparatively speaking, a vigorous and active 
creature ; for while the foraminifer, when once covered 
up, seldom moves, the Gromia frequently shifts its 
place on the glass, and is as lively at the end of six 
months as it was when first captured. In the appear- 
ance and movements of the thread-like processes there 
is absolutely no difference between the two. The 
Gromia is for ever thrusting out its cobweb tentacles, 
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which slide along the glass, in a direct line outwards, 
in a most surprising manner, by what power it is not 
easy to conceive ;* and when they have reached their 
utmost extension they are drawn in again, seemingly 
without an object. When the little creature wishes to 
shift its place, it proceeds as the foraminifers do in a 
like case. 

" Dujardin," says the Micrographic Dictionary, * 
''places this genus in the Khizopoda — animals, with 
root-like feet ; Ehrenberg, among the Foraminifera. 
It belongs to the Arcellinae." This is assigning to it 
a femily relationship with the foraminifers, perhaps, 
to which it seems to be allied, if we may judge from 
appearances. 

From the description of the living foraminifer just 
given, it will be easy, from an inspection of the casts of 
the interior of the shell, which is what is usually seen 
in the solid flint, to understand the plan upon which the 
body of each genus was formed ; for the shell was exactly . 
moulded upon the softer parts. They all began their 
existence in a single cell, round or oval, as the case 
might be ; and some of them appear to have gone no 
further, but to have occupied this one chamber all their 
lives without making any additions to it, protruding 
their filaments from every side around it. 

Some doubts have been raised as to the existence of 
these one-celled foraminifers. It is hardly to be ques- 
tioned, however. Numerous fossil specimens of them 
are to be found, which are of a much larger size than 
is usually attained by the first cells of the many- 
chambered kinds, for which they have probably been 
mistaken. We have given the forms of two (PI. V., 
Fig. 32), represented as transparent objects. In other 
genera, to this first chamber many more were added, 
in some instances thirty at least, arranged in a great 
variety of forms ; but whether placed end to end in 
a straight or curved line, as the Dentalina (PI. IV., 

^ Can the processes of the foraminifer and gromiabe extensile 
tubes closed at the end, into which the animalcule forces water 
which it draws in through the larger aperture ? 

s Article " Oromia** 
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Fig. 21) ; or spirally coiled, as the Rosalina (PL II. 
Figs. 3 and 4) ; or partly spiral and partly in a straight 
line, as the Flabellina (PI. III., Fig. 18) ; or branching 
in a zig-zag manner alternately right and left, as the 
Textularia (PI. III., Fig. 13); or partly so branching, 
and partly coiled, as the beautiful fossil, PI. III., Fig. 
15, there represented, in its clear flint shell, as a trans- 
parent object ; or advancing to their ftdl growth upon 
whatever other plan, they all agreed in beginning with 
one round or oval chamber, from which others pro- 
ceeded of a gradually increasing size. 

The plates of the Foraminifers may now be explained ; 
and for facility of reference they will be taken in the 
order in which they are numbered, although in one or 
two instances it will be attended with the inconveni- 
ence of separating species which are thought to be of 
the same genus. 

Those figures which have a C in addition to their 
number, represent fossil animalcule shells from the 
chalk of the same species as those from the flints which 
have the same number without the C. These latter 
show the form of the animalcule when deprived of its 
shell ; just as the Rosalina Beccarii is figured, Plate X., 
Fig. 43. Not that the fossils in the flints are actually 
casts of the body of the animalcule ; but inasmuch as 
they filled the shell, which was exactly moulded on its 
body, they are in effect casts of it. Thej are really in- 
closed in a cast of the shell ; but it is of such very 
transparent flint that it cannot be seen, except under 
peculiar circumstances. The spaces, therefore, between 
the several chambers, give the thickness of the shelL 



Plate II. 

Fig, 3, Rosalina Ammonoides — under side— in the sub- 
stance of the solid flint. 

Fig* 4, Upper side. 
The shell of this genus is coiled obliquely, like tha* 
of the snail ; not on one plane, as is the shell of the 
ammonite. 
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The figures are from different specimens, as one side 
only can be seen of those which are immersed in 
the flint. It will be observed that these specimens 
are coiled in different directions. Quite as many 
of the foraminifers of the same species turn from 
left to right as from right to left : it seems to be a 
matter of indifference with them. This is a common 
species. 

See Plate VIII., Figs. 3 0,4 0, and a, O 

Figs, 6 and 6, Olobigerinii cretacea^ like the preceding, 
in solid flint. 

These are varieties of the same species, 5 being coiled 
less obliquely than 6 : specimens may be found of 
every form between the one and the other. The 
chambers are globular, with a cup-like depression 
on one side, where each was moulded against that 
which preceded it. 

These are both of very common occurrence. 

See Plate VIII., Figs. 5 (7 and 6 O 

Figs, 7 and 8, Oristellaria rotulata, in solid flint. 

Elongate and compact variety of the same species. 

These differ froxa the preceding, in being coiled upon 
the same plane, like a rope, the second circle of 
chambers oeing perpendicularly over the first, as 
they are in the ammonite, without any obliqueness. 

It wiU be observed that the connecting tube is not 
shown in Fig. 8. Most commonly it is not preserved 
in the flint fossils. i 

This species is not uncommon. 

The genus very considerably resembles the Nautilus ; 
but like all the other foraminifers, it is distin- 
guished from that mollusk by the make of the 
shelL The septum, or divisional wall, between the 

. chambers of the Nautilus, is always concave, or 
curved inwards ; that of the foraminifer is ad 
uniformly convex, or curved outwards. 

See Plate VIII., Figs. 7 C and 8 a 
Fig. 9y Teafularia gloMosa, in aoUd ^nt. 

This species has spherical chambers, cupped on the 
inner side, like the Globigerina cretacea^ Fig. 5 ; but 
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in the Textul^risa, the mode of growth is changed. 

Instead of a spiral, a zig-zag line is adopted, the 

chambers branching right and left. 
This is a very abundant species. 
See Plate IX., Fig. 9 a 

Fig, 10, Textularia turris, in solid flint. 

The chambers follow the same line as the last : the 
curve is a mere accident ; it is very usual to find 
the foraminifers distorted in their growth. 

A section across this species would show a somewhat 
flat-sided oval. 

Not uncommon. 

See Plate VIII., Fig. 10 a 

Fig. 11, Textularia obsoleta (?V ^ solid flint. 
This species is quite flat on both the upper and under 
sides ; or rather concave perhaps. It is not very 
uncommon. 
See PlateVIII.,Fig. lia 

Fig. 12, Textularia or Polymorphina (?), in solid flint. 

Whether this is a Textularia or not is uncertain : it 
evidently follows the zig-zag mode of growth. The 
section would be perfectly round. 

See Plate VIII., Fig. 12 C. 

Plate III.— Frontibpibcb. 

Fig. 13, Textularia aciculata, in solid flint. 

.Section, a very narrow oval. 

Fig. 14, Textularia aciculata — ^variety (?)— cast of shell 
from cavity in flint. 
This specimen is a cast of the shell in transparent 
flint, the chambers being filled with opaque mattejr, 

^ A distinguished naturalist and geologist has been consulted 
about the names of these microscopic fossils. They have been 
so little studied that in determining the genera and species 
much difficulty has been found. Some of those here represented 
have probably not received names ; and it is believed tnat few of 
them have lieen figured as they appear in the flints. Where^ 
there seemed to be a doubt about the species, a note of inter70<<i^ ;, 
gation is appended to the name. . ^ ' • ^ 

o2 ^^ 
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probably chalcedony. It is from a cavity in a flint 
pebble. It is figured as it appears when viewed 
as a transparent object, fixed, in Canada balsam, 
between two glasses. 
Not uncommon. 

Fig. 15, Textularia anceps (?), cast of shell from cavity 
in flint. 

This can hardly be a Textularia. It began life in the 
form of a Cristellaria (Fig. 7) ; and having com- 
pleted one coil, it changed its mode of growth to 
that of a Textularia. There are at least three 
species, if not four, of this genus. Section lozenge- 
shaped, each chamber having the form of a laun- 
dress's flat iron. 

By no means common. 

See Plate IX., Fig. 16 G. 

Fig, 16, Rosalina margina^a, in solid flint. 

This species is nearly flat-sided : it may be only a 
variety of 5 and 6. A series may be easily collected 
passing from Olobigerina creiacea to this form, with- 
out a perceptible distinction between any two 
adjoining specimens. 

Common. 

See Plate IX., Fig. 16 C. 

Fig. 17, Rosalina Ammonoides, coat of shell from cavity in 

flint. 
This is quite a young specimen ; and, if the right 

name is assigned to it, of unusually large size.^ 
See Plate II., Figs. 3 and 4 ; and Plate VIII., Figs. 3 C 

and 4 C. 

Fig. 18, Flabellina rugosa, in solid flint. 
This curious animalcule was at first like a flat-sided 
Cristellaria. At a certain stage of its growth it 
doubled the size of the addition which we should 
have expected it to make to its habitation, by 
giving to ihe new chamber the form of the letter V, 
and so continued to build to the end. 

^ Throughout the whole of the foraminifers, there is an ex- 
t^'ac^dlnary difference in the size to which the same species will 
-attain. 
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It is quite flat-sided, and thin in proportion to its 

breadth. 
It is not common. 

Plate IV. 

Fia- 19, Frondicularia Archiaciana, in solid flint. 
Method of growth hke the last, except that it began 
with the V-shaped chamber immediately upon ad- 
vancing from the germ. 
It is not common. 

Fi^. 20, Frondicularia angulosa^ in solid flint. 

This species had the peculiarity of forming its 
second chamber of a much larger size than those 
which followed. 
Not common. 

^w^ 21, Dentalina communis^ in solid flint. 
This fossil is cylindrical, and always curved. 
See Plate VL, Fig. 33, and description there. 
It is not uncommon. 

Fig. 22, Vernouilinay flint cast from cavity in flint.^ 

This has the form of an inverted pyramid, with three 
flat sides of equal size. 

Its mode of growth was more elaborate than that of 
those already described. Beginning, as usual, with 
a ball of somewhat irregular form, it added a course 
of three triangular wedge-shaped chambers,one after 
the other, so placed that the last-formed covered 
the proper proportion of the upper side of the 
one which preceded -it. In each of the successive 
courses the three chambers were in this way ar- 
ranged precisely under the flrst three, except that, 
as they increased in size, the inverted pyramid 
grew wider. The aperture in each chamber is in 
the middle of its inner side, and, therefore, verti- 
cally under the balL 

It is not ve^ uncommon. 

See Plate VI., Fig. 38, and further description there. 

^ It is worth notice, that these casts from the flint cavities are 
best seen when placed in a drop of dear water ; as are those 
also from the cha^. 
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Fig* 23, Nodosaria, in solid flint. 

The globular chambers of this species are all very 
much more of a size than is usual in the fora- 
minifers : they are not cupped on oHe side like 
those of Textularia globulosa. 

This species is sometimes of much larger size* 

Not very common. 

See Plate IX., Fig. 23 C. 

Plate V. 
Figs, 24 — ^26, Botalina nitida {umbilicata F), in solid flint. 

From these three figures, the construction of this 
animalcule will be easily understood. Fig. 24 gives 
the base or lower side, and shows the mode in 
which the chambers are coiled. Each chamber 
is nearly of the form of one of the divisions of 
an orange, and a little higher than the one 
which preceded it, as in the profile. Fig. 25. 
Viewed from above, the larger chambers are seen 
to overarch, and nearly conceal the smaller, as in 
Fig. 26. This last is a specimen of much smaller 
growth than the two others. 

It is a common species. 

Fig' 27, Rotalina Micheliana, in solid flint. 

In general character this is like the last ; but the base 
is perfectly flat, and the foot of each chamber is 
slightly keeled, or has a prominent edge. 

It is not at all uncommon. 

Fig, 28, Nonionina compressa (?), in solid flint. 

This is coiled obliquely, and in its general mode of 
growth like the Rosalina AmmonoideSf Plate II., 
Figs. 3 and 4. 

Common. 

Fig, 29, Bulimina variabilis, cast of shell in flint, from 
cavity in pebble. 

The growth of this genus, like that of Ternouilinax is 
by a succession of wedge-shaped chambers; ar- 
ranged in this casCj however, in a conical instead of 
a pyramidal form. The shape of the chamber is 
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seen at Fig. 29 b, the notch in the thinner edge 
showing the position of the aperture. 

This is a very irregular grower, as its name, variabilis^ 
imports. 

It is common. 

Fig, 30, Bulimina intermedia, in solid flint. 

This grows like the preceding ; but the chambers are 
heart-shaped, and so- arranged as to give the ani- 
malcule the form of an ordinary spiral shell. 

It is not uncommon. 

Fig. 31, Femouilinay in solid flint. 

This figure represents one flat side of the species 
before described, Plate IV., Fig. 22. 

Plate VI. 

The purpose of this plate with the dark ground is to 
exhibit the fossils as they are seen floating in the 
flint. 

Fig. 33, Dentalina communis. 

This is the same species as is figured Plate IV., 
Fig. 21. Here it happens to be broken through the 
middle longitudinally. The thin, dark line is trans- 
parent quartz, which has replaced the shell. The 
inside is filled up with a light grey flint, the en- 
veloping flint being of a darker grey. It is evident 
that every additional chamber clasped the one 
which preceded it, thereby giving much strength to 
the shell. 

Fig. 34, Textularia trochtts. 

This species, like the Trochus among mollusks, is 
conical ;^ the chambers, which are semicircular, are 
formed alternately right and left, in a zig-zag line, 
as are those of the other Textularise. 

The specimen figured needs a little explanation. 
It is represented as it appears immersed in the 

1 It is the usage among naturalists to figure the foraminifers 
with the earliest formed chamber downwards ; so that when 
they are compared with the corresponding forms among the 
moUusks, they appear to be inverted. 
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dark flint, the shell-space, which is narrow, showing 
as a thin, dark line. The eight earlier chambers 
are entire. From the other seven a portion is 
broken, exhibiting the interior. The white part is 
the milky chalcedony which first probably encrusted 
the inside of the shell, and became more trans- 
parent towards the middle of the chamber, where 
of course it would look darker. This is very gene- 
rally the manner in which the interior of these 
fossils is filled. » 

The species is common. 

Tig, 35, Amphistegina (?). 

This species, though small, is distinguished by the 
unusual number of its chambers. It is coiled 
obliquely. 

Not very common. 

Fig. 38, Vemouilina. Genus as before, see Plate IV., 
Fig. 22. 

This individual shows the same peculiarity of growth 
as the fossil to be next described, though less con- 
spicuously : it is of a different species, however, 
and not common. 

Fig, 37, Vemouilina tricarinata. Genus described before, 
see Plate IV., Fig. 22. 

This curious specimen exhibits very plainly a mode 
of growth which individuals adopt occasionally 
when they have attained a considerable age.- 
Having followed for many courses the triangular 
form, they leave it, to adopt the simple zig-zag 
of the Textulariaa. The last eight or nine chambers 
have been so added in this instance. Part of the 
side of this portion of the fossil is broken away, 
as in Fig. 34. 

Fig, 38, Vemouilina. 

This specimen, mineralized in a manner which is 
very rare, exhibits one of the sides of a Vemouilina^ 
of a different species from that last described ; but 
probably the same as that' figured Plate IX., 38 C, 
though of larger growth. It is immersed in the 



APPENDIX. 201 

dark flint, having undoubtedly, as a substitute 
for its shell, a casing of clear quartz, though it 
cannot be rendered visible. Through this quartz 
run innumerable threads of miUgr chalcedony, 
which were formed in the foramina with which 
the original shell was pierced. Although these 
filaments are not here shown scattered over the 
surface of the fossil — as they would require a dark 
ground to display them — ^they may be discerned, 
in fact, radiating from all parts of it, like the 
fine hairs upon a leaf. The reason why they are 
so much longer on one side than the other is, that 
in the one case they pass through the whole . 
thickness of the keel, with which each angle of 
the shell is furnished ; while in the other, they 
traverse the shell in its thinner portion only : the 
fracture of the flint happened to be at a slight 
angle to the face of the fossil, by which means the 
keel on one side was earned away altogether. It 
appears that, from the sharp edge of the wedge- 
like chambers, filaments of considerably larger 
diameter were protruded, than from the other 
foramina. 

Plate VII. 

Fig, 39, The field of the microscope, with the finest 
part of the dust from a cavity in a flint pebble, 
prepared with Canada balsam : the mere shapeless 
fragments are omitted. The fossils are flint casts, 
with opaque matter in the interior. 

Mg, 39 C, The same, with the finer washings of chalk. 

The fossils here are casts of the empty shells in car- 
bonate of lime. In both cases, tne specimens are 
of those species which are most prevalent, and are 
either young, or of very small size : Globigerina 
cretacedf Textularia globulosa and aciculata, Bosalina 
Ammonoides, and Orbulina universa^ will be recog- 
nised: the two spindle-shaped objects are very 
minute sponge spicules. 

Fig, 40, The size of the above field. 
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Plates VIIL and IX. 

Specimens from the chalk of the same species as those 
from the flints abeady described, the same number 
showing the same species. 

Plate VIII. 
Fig, 3 C, Rosalina Amtnonoides, lower side. 

99 4 C, „ „ upper side. 

„ a C, Front view, showing the position of the 
aperture x. 

„ 5 C, Globigerina cretacea^ variety with margin. 
„ 6 (7, „ „ „ without margin. 

„ 7 Cf Cristellaria rotulata, elongate variety. 
„ 8 C, „ „ compact variety. 

„ 10 (7, Textularia turris. 

„ 11 C, Textularia obsoleta. This species is keeled on 
the edge of both the upper and under sides. 

„ 12 (7, Textularia, or Folymorphina (?). 

Plate IX. 
"Fig, 9 C, Textularia globulosa. 

„ 15 (7, Textularia ancqu ('?). 

„ 16 Cy Rosalina marginaia, 

„ 18 (7, Flabellina rugosa. 

„ 20 C, Frondicularia angulosa, 

„ 23 C, Nodosaria^ 

„ 38 Cy Fertiouilinay see Plate VI., Fig. 38. 

Plate X. 
Figs, 41 — 44, Recent foraminifer — Rosalina Beccarii, 

Fig. 41, Animalcule with the tentacles fully protruded, 
and adhering to the glass tube. 

Fig. 42, Animalcule with tentacles, or filiform pro- 
cesses, playing freely in the water. 

Fig, 43, Body of the animalcule, the shell having been 

removed : four granular spots are visible. 
Fig, 44, The empty shell, as a transparent object, with 
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membranous sac attached : for explanation, see the 
next figure. 

!Pig, 45, Empty shell of recent foraminifer, Texiulana, 
rendered transparent by means of Canada balsam, 
and highly magnified -250 times, linear. 
It will be noted that, in the centre of the shell, the 
foramina are seen as nothing more than round 
holes. This portion of the object being exactly 
under the eye of the observer, he looks perpendicu- 
larly through the perforations. As they recede 
further from this point, he begins to see the tubes 
rising through the shell ; and, viewed in perspec- 
tive, they look, of course, as though they radiated 
from the centre. At the circumference, he sees 
them in their whole length as they pass through 
the entire thickness of the shell, which is there 
displayed to him. Those among them which ap- 
pear to fall short of the outside, are such as, not 
being exactly at the circumference, are seen, like 
those nearer the centre, in a foreshortened position. 

Fig, 46, Fish scale : impression in flint. 

Pish scales are very abundant in some flints. The 
substance of the scale has disappeared ; but it has 
left its form upon the smooth material as if en- 
graven by the most skilful lapidary. The upper 
part of this kind of scale is formed of concentric 
plates ; and the margins of these plates look Hke 
so many concentric lines. This gives to some 
specimens a very beautiful appearance. 

Fig. 47, Spini/erite. 

These minute objects, which are very abundant, can 
only be well seen in very thin chips of flint, ren- 
dered transparent by means of Canada balsam, and 
viewed under a high magnifying power. They 
were formerly thought to be the siliceous cases of 
animalcules, and were called Xanthidia. More 
recent investigations have led to the opinion that 
they are the fossil remains of the sporangia — ves- 
sels which contained the spores or seeds — of certain 
kinds of Desmidiacese. If so^ they represent 
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vegetable, and not animal organisms ; as the Des- 
mediacese are Confervoid Algso, very simply con-* 
stituted plants which hve in water, or on damp 
surfaces. The Desmidiacess are now common in 
sea-water ; and if its true character is assigned 
to the Spiniferite, they must have been at least 
equally abundant in the water of the Chalk sea. 
They vary considerably in form ; and are many of 
them very beautiful. 

Plate XI. 
Figs, 48 — 60, Different forms .of FentricuUte. 

This fossil, popularly called fossil mushroom, from its 
occasional likeness in outhne to that kind of fungus, 
is extremely common among the siliceous nodules 
of the chalk, and correspondingly frequent in the 
flint gravel. Although varying much in shape and 
size, it may usually be recognised at once by the in- 
dented margin, or ring, which surrounds the upper 
and wider part, and the holes which pierce the 
lower extremity or root. 

Dr. Mantell,* after long and persevering inquiry, dis- 
covered the true nature of the organisms which 
these fossils represent. He obtained perfect speci- 
mens from the chalk, which convinced him that 
the original of them were flexible polyparia — ^the 
habitations of compound polypes — ^their form being 
that of an inverted hollow cone, with a suddenly 
widening mouth, in general figure and proportions 
not very much unlike the flower of our common 
convolvulus or bindweed. On the outside, this 
cone was reticulated, the meshes of the network 
being rather large ; while the whole of the inside 
was dotted over with the cells — small pits or 
depressions — in which the individual polypes had 
their dwelling. Fi'om the lower, or narrow, end 
proceeded several root-like processes, by which the 
polyparium was attached to the bottom of the sea. 

Tins cone, then, the flint invested on all sides, filling 
up the cavity in the middle, and usually leaving no 

1 Medals of Creation, vol. i. p. 269. 
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part of the peculiar texture of the polyparium 
visible except round the indented edge. Not very 
unfrequently, however, in the flints in the chalk- 
pit, and occasionally even in those from the gravel 
of the Drift, more of the original form may be dis- 
covered, upon carefully breaking away the outside ; 
though it is obvious that such hollow specimens 
were Httle likely to pass uninjured through all the 
movements which the gravel has experienced, and 
they are, accordingly, rather rare. But even in 
those which are solid, something of the general 
outline of the polyparium may often be seen, 
marked out by a different colour in the flint. 

Perhaps it may be desirable to add a few words in 
explanation of the nature of such polyparies. 

Polypes are either simple or compound.^ The Hydra, 
a minute creature, common in clear ponds, will 
give a good idea of the simple polype. It consists 
of nothing more than a gelatinous sac, having at 
one end a mouth surrounded with i^oveable threads, 
or tentacles, and at the opposite end, a sucker. 
Its tentacles serve for the capture of its prey ; 
and it is sufficiently adroit in the use of them, 
twisting them about in every direction, and seizing 
upon any suitable substance that comes in its way, 
being extremely voracious. The sucker answers 
two purposes : it affords to the animal the means 
of fixing itself to any stationary object — such as the 
leaf of a water-plant — when it is at rest ; and is 
used as afloat when it desires to swim. Such is a 
simple, free polype. 

There are other simple polypes, of much larger size, 
which secrete a more or less rigid skeleton, in the 
manner of the sponge ; but of these it is not neces- 
sary to speak here. It is the compound polypes 
with which we are concerned. These consist of a 
number of animals, not only associated, but actu- 
aQy imited with one another, so that one living 
bond ties the whole together into what has been 

^ Mus. ofAnim, Nat. vol. ii. p. 410. 



206 APPBNDIX. 

called a compound unity. Each polype, impelled 
no doubt by ordinary appetite, feedii, not exclusively 
for its own advantage, but for the benefit of the 
whole ; since all are equally dependent on the gela- 
tinous thread or film which imites, and on the 
polypary which supports them. 

Some of these compoimd polypes secrete, as their 
common support, a stony skeleton : such is the red 
coral of the jeweller. Tlie polype of the coral reef 
also — ^that wonderful age^t in nature, which has 
formed numerous and extensive archipelagos in 
the seas of the warmer parts of the globe — secretes 
solid stone as its basis. With its work we are 
familiar, in those beautiful masses called brain-coraUj 
and others more or less allied to them. In other 
instances the polypary is of flexible twigs, which, 
when in a living state, are invested with a gelatinous 
bark, in the cells of which the animals are lodged. 
But the polype of the ventriculite belonged to 
none of these kinds. It is supposed to have re- 
sembled more nearly the Alcyonidse. If so, it had 
neither a stony nor a homy skeleton. " The sub- 
stance of the polyparium, or frame- work, of this 
aggregation of animalcules/' says Dr. Mantell,^ 
speaking of the ventriculite, '' appears to have been 
analogous to that of the soft alcyonia, and able to 
expand and contract.'* Whatever might be the 
precise nature of its material, the cone was pitted 
all over its inner surface with little depressions, or 
cells, in which, it is thought, the polypes dwelt. 
Such, at all events, is the nature of the polyparium 
to which the original of the ventriculite is compared. 

Dr. Mantell seems scarcely consistent with himself, 
in describing the mode in which the ventriculites 
were mineralized. He says ^ that " all these flints 
were moulded in the caviiies of ventriculites ;" and 
then speaks of the silex as "permeatim " the zoo- 
phyte. The latter notion will oe thougnt, perhaps, 
by those who will examine these fossils, to oe 

^ Medals qf Creation, vol. i. p. 275. « Ibid. 
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more in agreement with the appearances they pre- 
sent. Indeed, Dr. Mantell himself says, and very 
truly, that ** in the flints, the substance of the ven- 
triculite .... is distinguished from the surrounding 
silex by a purple, reddish-brown, or pale-grey 
colour." The flint, then, was not merely moulded 
in the cavity of the polypary : it invested a certain 
portion of its substance, took its place, and the 
whole became one stone. The truth is that, in this 
instance, as in that of the sponges, the manner in 
which the animal substance was mineraUzed was 
various, evidently depending upon circumstances. 

Fias. 61 — 67, Echinites, and their Spines. 

Kchinites, though by no means so abundant as the 

Ventriculite, are still very common fossils. The 

flint gravel everywhere furnishes specimens of 

them, either whole or in a fragmentary condition ; 

and they are often picked off the surface of the 

ploughed fields wherever many chalk flints occur 

in the soil. 

In the case of the Ventriculite, no recent species 

could be referred to for the illustration of its 

nature or history ; but it is by no means so with 

the echinite. The common sea-egg, sea-urchin, 

or sea-hedgehog of our coasts — Echinus sphara — 

may be taken as a type of the whole family. It 

is of a globular form, and covered with spines, as 

its name, urchin or hedgehog, would lead us to 

expect. When some of these spines are removed 

it is seen that the soft parts of the creature are 

contained in a firm crust, or box, which is studded 

over with small prominences, or tubercles, to 

which the spines are so attached by a joint that 

they can bend to and fro freely in any direction. 

By means of the spines, on which it roEs, and 

aided by a great number of suckers, thrust forth 

through certain pores in its case, the echinus is 

able to move about with considerable activity, 

climbing even the upright faces of rocks, upon 

which its suckers enable it to lay fast hold. It 

feeds pa the young of tsrabs and shell-flsh, and 
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upon zoophytes. It is very fond of concealing 
itself in the sand, into which it burrows in a 
curious manner, by thq help of its spines. In the 
common sea-egg the two openings, ingestive and 
egestive, are at the opposite sides of the animal ; 
but the disposition of these parts varies in the 
different genera. Fig. 65 exhibits an Echinite 
with the mouth and outlet both on the bas&. 

The case of the echinus is made up of many-sided 
calcareous plates (see Fig. 54), closely fitting against 
one another^ but not ag^utinated together, of such 
forms, oblong or otherwise, as are suitable to the 
particular curve or angle of that part of the shell 
to which they belong. And as the animal in- 
creases in size, each plate grows with it, by addi- 
tions around its edge, so that the proper shape and 
proportions are maintained from first to last. 

Everyone who has examined an echinus must have 
observed that the plates are so arranged as to 
mark out the surface of the globe they form into 
certain divisions. Of these the five wider, each of 
which consists of two rows of the larger plates, 
are called the areee, spaces ; while the five narrower, 
each having two rows of much smaller plates, are 
the ambulacra^ — avenues or walk& These smaller 
plates are pierced for the passage of a vast number 
of tubular suckers, or tentacles, which are thrust 
out for the purpose of prehension, while the larger 
plates are studded with the tubercles for the 
attachment of the spines. 

It is needless to say that the softer parts of the 
animal, such as the tentacles, have left no traces 
in the rocks. It is a consequence of its having 
been furnished with an enduring calcareous crust 
that its form has been so commonlv preserved in 
various strata, for which its habit of burying itself 
in the sand was also obviously favourable. The 
fossils in which we are particmarly interested are 
either casts or moulds of the shell, or of parts of 
it, in a more or less perfect state. Sometimes 
single detached plates^ sometimes several together, 



APPENDIX. 209 

are represented by a sharp impression in the sub- 
stance of a fliQt; while at other times, though 
much more rarely, the complete exterior of tne 
animal, the shell with the spines in close approxi- 
mation, if not attached to it^ may be seen, 
shadowed out as it were in one colour, while the 
flint itself is of another, — grey, perhaps, upon black. 

But the more commonly occumng edainites of the 
chalk flints are of the kind figured in Plate XI. 
Such fossils are casts, sometimes of the outside 
(Fig. 55), and sometimes of the inside (Figs. 51 and 
54), of the shell itself. Not imcommonly the same 
flint even will supply both. The empty case, 
having been taken possession of by the mineral, 
which flUed it within, and invested it on all sides 
without, was at length decomposed, leaving in the 
stone an exact counterpart of its two sur&ces, to 
the finest lines and studs. The consequence of 
this process was the production of fossils repre- 
senting the original either in a perfect condi- 
tion, or in eveiy stage of dilapidation. Fig. 59, 
Plate XII., exhibits a portion of a cast oi the 
. outside of an echinus, in which the tubercles 
with which its surface was besprinkled have left 
their form so accurately impressed as to bear 
examination with a microscope ; while, in contrast 
with this. Fig. 52, Plate XI., represents an echinite 
in which little else is preserved than the general 
form of the original ; the details are almost en- 
tirely wanting. And specimens may be found in' 
every condition between these extremes. 

The Spines, Figs. 56 and 57, Plate XI., are of not very 
imfrequent occurrence in the flints. They are of 
various forms and sizes, and differ considerably in 
their ornaments. Some are slender, sceptre-like 
rods ; while others in shape and sculpture are not 
unlike seeds or fruits, for which they have occa- 
sionally been mistaken. Some of the spines are 
very small, requiring the help of a microscope for 
their investigation. Of these the interior struc- 
ture is occasionally elaborate, and very beautiful ; 
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. and remains of them, either whole or in broken 
pieces, are not uncommon in the flints. Those 
engaged in these researches will soon become 
familiar with them, either in the form of small 
tubular fragments, consisting of about ten slender 
columns, held together by a web, which is some- 
times pierced with round holes, and looks like 
lace ; or else, if they are broken across their 
length, and show a section of the tube, as a ring, 
with a circle of smaller rings surrounding it. 
The echinites occurring most abundantly in the flint 
gravel are the following : — 

Fig. 6\y ddaris diadema {Diadema rotulare). 

Fig, 52, Spatangus {Micraster) cor-anguinum* 

Fig. 63, Oalerites cretosus. 

Fig. 54, Ananchgtes ovatus, profile — an incomplete fossil, 
^broken out of a large flint, of which a water-worn 
*** portion (a) still adheres to it. 

Fig. 56, Ananchytes ovatus, base. The five double rows 
of studs, though not perfect, wiU be seen to con- 
verge towards the oval mouth. Each of these 
round studs occupies the place of two of the holes 
which pierced the animal's shell along the ambu- 
lacra, such perforations being usually represented 
either by two small indentations, or by two promi- 
nences, according as the fossil is a cast of the 
outside or inside of the case ; but here, probably 
from the peculiar state of decay of the echinus 
when taken possession of by the flint, the appear- 
ance is that shown in the figure. 

Fig. 66, Spine of Oidaris clavigera. 

Fig. 67, Spine of Cidaris variolaris. 

Plate XII. 

Fig. 68, Hertfordshire Pudding-stone. 

This is a hard conglomerate of rolled chalk flints 

and sand, bound together by a siliceous cement, 

which adheres to the pebbles it incloses so firmly, 

that when a mass is shattered they quite as com- 
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monly break right across as come out of their 
setting. Large pieces of it, of half a ton weight or 
more, with smaller fra^ents, roUed and imroUed, 
are found in the Drifb m Hertfordshire and adjoin- 
ing coimties. 

Mg. 59, Fragment of flint with impression of part of 
an echinus. 

Tig, 60, Branching Sponge : a cast in flint. 
It is partly enclosed in a flint pebble, which is not 
here figured, that the form may be seen more 
distinctly. 

Fig, 61, Articulating surface of an ossiculum, or joint 
of the stem, of a Pentacrinite : impression in flint. 
In the seas of the West Indies is foimd the Penta- 
crinus caput MedtiscBy a rare and beautiful creature, 
allied to the star-fishes. " This animal," says Dr. 
Mantell,^ ''has a long jointed stem, which is fixed 
at its base by radicle processes, and supports a 
cup-hke receptacle, formed of a series of calca- 
reous plates closely adjusted to each other, in 
which the bodv and viscera are contained. The 
upper part of the receptacle is covered by a plated 
integument, in which there is an opening for a 
mouth. From the brim of this cup proceed five 
jointed arms, which subdivide into branches of 
extreme tenuity : the upper and inner side of the 
arms support numerous articulated cirri or feelers. 
The joints composing the column of support," or 
stem, " are pentangular, very numerous, and have 
a central perforation ; and there are side-arms, or 
articulated tentacles, that radiate from the column, 
in groups of five, at different parts." 
In a living state the skeleton is covered by the 
integuments which secrete it. The mouth is 
situated in the centre of the plated integument 
of the receptacle,* and surrounded by the five 

1 MedaU of Creation, vol. i. p. 312. 

^ The receptacle in some fossil species is not unlike the seed- 
vessel of a plant, — of a rose, for instance, — although the plates 
into which it is divided are usually visible. When such speci- 
mens maintain their position upon their stalks, with the arms 
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arms, which, when spread out, with their nu- 
merous cirri, form a net for the capture of their 
grey, and convey it to the mouth. Such is the 
ying representative of the pentacrinite. 

^' The rossil remains " of animals of this kind, con- 
tinues Dr. Mantell, ^'consist of the ossicuJa, or 
little bones, of the column, arms, and tentacula ; 
of the plates of the receptacle ; and of the pe- 

, duncle. or process of attachment, by which the 
animal was permanently fixed to the rock." 

These remains are not very common in the chalk 
flints. Occasionally may be found in such a stone 
a pentagonal cavity, ornamented at the bottom and 
top in a flve-leaved pattern, like Fig. 61. It origin- 
ally contained one of the joints of the stem of a 
pentacrinite ; or, if it should be divided by con- 
strictions trsmsverse to its length, this shows that 
there were as many joints enclosed there as there 
are marks of such division. The bone of the pen- 
tacrinite was of lime, which has escaped from its 
confinement in the flint, and these cavities are the 
result. 

Fig, 62, Boiled Chalk-flint Pebble, with impression of 
shell. 

f^63, Unrolled Chalk-flint from the gravel-pit. 
Tlints of this irregular shape were most likely formed 
round sponges, or other decaying animal suDstances, 
of which they frequently exhibit proof. 
In whatever manner they were originally brought 
together, however, they nave preserved within them 
innumerable fossil remains, fraught with instruction 
for those who will reason upon them : some of the 
truths they teach it has been the aim of this little 
book to umold. 

closed, they are so much like flowers that they are popularly 
called ''stone lilies." This name, however, is now restricted 
to such of these fossils as have round stems, — ^the eiuTiniieSf — 
while those with angular columns are named pemtacrinitei. 
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Bishop Butler's Analogy of Religion : with Analytical Index, by 
the Rev. Edward Steere, LL.D. \2s. In antiqne calf, 1/. \g. 

** The pretent edition has been famished with an Index ci the Texts of 
Scriptore qnoted« and an Index of Words and Things considerably foBcr i ^ 
than any hitherto published. These and the caKfalness of the tjna- ! 
graphy are souill things in themselves perhaps, bnt he who valnes BaUer 
at his tme worth, will value any assistance in reading and referring to 
him." — Eklitor's Preface. 

Bishop Jeremy Taylor's Rule and Exercises of Holy Living and 
Dying. 2 vols. 1/. Is. In antique calf, 21. 2s. 

Herbert's Poems andBemains: with S. T. Coleridge's Nftes, 
and Life by Isaak Walton. Revised, with additional Notes, by Blr. J. 
Yeowell. [Immediatdtf. 

Spenser's Complete Works; with Life, Notes, and Glossary, by 
John Payne Collier, Esq., F.S.A. [In the press. 

Urdfbrm unih the above. 

The Physical Theory of Another Life. By Isaac Taylor, Esq., 
Author of the " Natural History of Enthusiasm," ** Restoration of Be- 
lief, &c." New Edition. 10s. Qd. Also in small 8vo. 6s. 



Now publishing^ in foolscap 8«o. at 3«. 6d, or 5«. per Vohime, 
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The Publishers haye been induced, by the scarcity and increas- 
ing value of this admired Series of the Poets, to prepare a New 
Edition, very carefully corrected, and improved by such additions 
as recent literary research has placed within their reach. 

The general principle of Editing which has been adopted u to 
give the entire Poems of each author in strict conformity with t&e Editikm 
which received his final revision, to prefix a Memoir^ and to add wdb . 
notes as may be necessary to elucidate the sense of obsolete words or ex- 
plain obscure allusions. Each author will be placed in the hands of 
a competent editor specially acquainted with the literature and 
bibliography of the period. 

Externally this new edition will resemble the former, but with 
some improvements. It will be elegantly printed by Whitting* 
bam, on toned paper manufactured expressly for it ; and a highly- 
finished portrait of each author wiU be given. The Volumes will 
be issued at short intervals. 

The AUine Edition of the British PoeU has hitherto been the 
favourite Series with the admirers of choice books, and every 
effort will be made to increase its claims as a comprehensive and 
faithful mirror of the poetic genius of the nation. 
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KENSIDE'S Poetical Works, with Memoir by the Bev. 
A. Dyce, and additional Letters, eareAiUy revised. 6s. An- 
tique calf, or morocco, 10«. 6d. 

CoUins's Poems, with Memoir and Notes by W. Moy 
Thomas, Esq. is. 6d. Antiqae calf, or morocco, 8«. 6fit. 

Gray's Poetical Works, with Notes and Memoir by the Rev. 
John Mitford. bs. Antiqae calf, or morocco, 10«. 6d. 

Shakespeare's Poems, with Memoir by the Rev. A. Dyce. 5«. 

Antique calf, or morocco, lOj. Qd. 

Tonne's Poems, with Memoir by the Bey. John Mitford, and 
additional Poems. 2 vols. IQs. Antiqae calf, or morocco, 1/. Is. 

Thomson's Poems, with Memoir by Sir H. Nicolas, and additional 
Poems, the whole very carefally revised, and the Memoir annotated by 
Peter Cunningham, Esq., F.S.4' 2 vols. [In the press. 

Cowper's Poetical Works, includinghis Translations from Milton, 
&c. Edited, wUh Memoir, by John Brace, Esq., F.S.A. 3 vols. 

[Preparing. 

Dryden's Poetical Works, with Memoir by the Rev. R. Hooper, 
F.S.A. 5 vols. Carefully revised. [Prepetring. 

Pamell's Poems, with Memoir^ edited by Bolton Corney, Esq., 
MJl.S.L. [I^eparing. 

Pope's Poetical Works, with Memoir. Edited by W. J. Thoms, 

Esq., F.S.A. 3 vols. [Preparing. 

Uniform toith the Aldine Edition of the Poets* 

B. S. W. Singer's New Edition of Shakespeare's Dra- 
matic Works. The Text carefully revised, with Noteq, The 
Life of the Poet and a Critical Essay on each Play by W. W. 
Lloyd, Esq., M.K.8.L. In 10 vols., price 6s. each. 

Also a Large Paper Edition^ in crown 8vo., il. 10s. 
** Mr. Singer has produced a text, the accuracy of which cannot be sur- 
passed in the present state of antiquarian and philological knowle^e." — 
Daily News. 

The Works of Gray, edited by the Rey. John Mitford. With 

his Correspondeuce with Mr. Chute and others. Journal kept at Borne, 
Criticism on the Sculptures, &c. New Edition. 5 vols. l2. bs. 

The Temple and other Poems. By George Herbert, with Cole- 
ridge's Notes. New Edition. 5s. Antique calf, or morocco, 10«. 6^^. 

Yaughan's Sacred Poems and Pious Ejaculations, with Memoir 
by the Bev. H. F. Lyte. New Edition, hs. Antique calf, 10s. Gd. 
Large I^per^ Is. 6d. Antique calf, 14«. 

Bishop Jeremy Taylor's Rule and Exercises of Holy Living and 
Holy Dying. 4s. each. Antique calf, 08. each. Also m one volume, 
Is. M. Antique calf, or morocco, 185. 

Bishop Butler's Analogy of Religion: with Analytical Introduc- 
tion and copious Index, by the Rev. E. Steere, LL.D. 6s. Antique calf, 
or morocco, lU. 6d. 

Locke on the Conduct of the Human Understanding ; edited by 
Bolton Corney, Esq., M. R. S. L. 3s. 6d. Antique calf, or morocco, 9s. 6d. 
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morocco, \\$. 6d. 
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Author of the " Natural History of Enthusiasm," '' Restoration of Belie 
&c. I^ew Edition. 6s. Also handsomely printed in 8to. 10s. 6d. 

Bacon's Essays; or, Counsels Civil and Moral, with the Wisdo 
of the Ancients. Revised from the Eai'ly Copies, with References an( 
few Notes by S. W. Singer, F.S.A. 5s. Antique calf, or morocco, 10s. ( 

Bacon's Novum Organum. Newly translated, with short Not( 
by the Rev. Andrew Johnson, M.A. 6s. Antique calf, or morocco, lis. ( 

Bacon's Advancement of ^Learning. Edited, with short NoU 
by the Rev. G. W. Kitchin, M.A., Student of Christ Church, Oxford. 

[Prepari* 

NEW Dictionary of the English Jianguage. I 

Charles Richardson, LL.D. Combining Explanation wi 
Etymology, and copiously illustrated by Quotations from t 
best authorities. Jyiew Edition, with a Supplement containi: 
additional Words and further Illustrations. In Two Vols. 4 
il. 14$. ed. Half bound in russia, 5/. 158. 6d. Russia. 6/. I2s. 

The Words — ^with those of the same Family — are traced to th« 
Origin. 

The ExFLANATioxs are deduced from the Primitive Meaning throu] 
the various Usages. 

The Quotations are arranged Chronologically, from the Earliest F 
riod to the Present Time. 

\* The Supplement separately, 4to. 12*. 

A Bhaller Eoition^, without the Quotations. 8vo. 15s. 

** It is an admirable addition to our Lexicography, supplying a gre 
desideratum, as exhibiting the biography of each word— its birth, p 
. rentage and education, the changes that have befallen it, the company 
has kept, and the connexions it has formed — by rich series of quotatiot 
all in chronological order. This is such a Dictionary as perhaps no oth 
language could ever boast." — Quarterly Review. 

" A work indispensable to every one who is curious in his mothe 
tongue, and without which no library can be considered complete." 

Spectaio 

Dr. Richardson on the Study of Language: an Exposition < 
Home Tooke's Divei'sions of Purley. Fcap. 8vo. 45. Qd. 





THENJE Cantabrigienses. By C. H. Cooper, F.S.A 
and Thompson Cooper. Volume I. 1500—1585. 8vo. li 
[Vol. II. in the press.] 

This work, in illustration of the bio^praphy of notable ai 
eminent men who have been members of the University of Cambridg 
comprehends notices of :—l. Authors. 2. Cardinals, archbishops, bishop 
abbots, heads ofreligions houses and other church dignitaries. 3. State 
men, diplomatists, military and naval commanders. 4. Judges and em 
nent practitioners of the civil or common law. 5. Sufferers for religioi 
or pontical opinions. 6. Persons distinguished for success in tuition. 
Eminent physicians and medical practitioners. 8. Artists, musician 
and hsralds. 9. Heads of colleges, professors, and principal officers of tl 
university. 10. Benefactors to the university and cblieges, or to tl 
public at large. 



I 



New and Standard Publications, 




t3= 



Mrs. Alfred Gatty's Popular Works. 

" We should not be doing justice to the highest class of 
juvenile fiction, were we to omit, as particularly worthy of 
attention at this season, the whole series of Mrs. Gatty's ad- 
mirable books. They are quite sui generis, and deserve the 
widest possible circulation." — Literary Churchman, 

ARABLES from Nature. First Series. 16mo. with 
Illustrations. Seventh Elition, Is. 6d. Second Series. 16mo. 
with Illustrations. Third Edition. 2s. 

The Two Series in One Volume. Zs. 6d. 

Worlds not Realized. 16mo. Second Edition, 2s, 

Proverbs Illustrated. 16mo. with Illustrations. ~2»^j?dtfion. 2s. 

The Fairy Godmothers and other Tales. Second and Cheaper 
Edition. Fcap. 8vo. with Frontispiece. 2s. 6d. 

%* These little works have been found tisefulfor Sunday reading in the 
family circle^ and to be both instructive and interesting to school children. 

Legendary Tales. Fcap. 8vo. with Illustrations by Phiz. 5s. 

The Poor Incumbent. Fcap. 8vo. Sewed, 1«. Cloth, 1«. 6rf. 

Aunt Judv's Tales. Illustrated by Clara S. Lane. Fcap. 8vo. 
Second JEJition. Zs. 6d. 

The Horn Book of Phycology ; a Popular Introduction to the 
Study of Sea- weeds. With numerous Illustrations. [In the press. 



Bedfield; or a Visit to the Country. A Story for Children. 
With Illustrations by Absolon. Koyal 16mo. 2s. 6d. Coloured, 3s. 6d. 

The Children's Bible Picture Book. Written expressly for Young 
People, by the Author of '* Historical Tales," and illustrated with Eighty 
large Enffravings by Modern Artists. Second Edition. Snper-royal 
I6mo. Cloth, gilt edges, 5s. With Coloured Illustrations, 9s. 

The Children's Picture Book of English History. Written ex- 
pressly for Young People, and Illustrated with Sixty large Engravinn 
by Modern Artists. Super-royal I6mo. Cloth, gilt edges, 5». Witn 
coloured Illustrations, 9s. 

The Children's B(X)k of Scripture Parables. Written in Simple 
• Language, by the Rev. J. Erskine Clarke. With Sixteen large Illustra- 
tions. [In the press. 
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Shades of Character ; or, the Infant Pilgrim. Seventh Edition. 
2 vols. I2mo. 12;. 

The History of Michael Kemp, the Happy Farmer's Lad. Eighth 
Edition. 12mo. is. 

A Sequel to Michael Kemp. New Edition, 12mo. 6s. 6^. 

Cottage Dialogues; or, Characters and Scenes in Rural Life. 
New Edition. 12mo. 4s. 6d. 
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Roadside Sketches in the South of France and Spanish Pyrenees. 
By three Wayfarers. Illustrated by Toachstone. Super royal Svo.intli i| 
Twenty-four Illustrations. 15s. li 

Russia : its Reforms, Political and Social Progress, and Present i f 
State. By a Recent Traveller, Post 8vo. S«. 6d. 



Magdalen Stafford; or, a Gleam of Sanshine on a Rainy Daj. 
A Tale. Fcap. 8vo. 5s. 

The Romance and its Hero. By the Author of '* Magdalen 

Stafford." 2toIs. Fcap. 8yo. 12s. 

Maud Bingley. By Frederica Graham. 2 vols. Fcap. 8to. 12i. 
Claude de Yesci ; or, the Lost Inheritance. 2 vols. Fcap. 8vo. 9i. 
The Wayfarers : or. Toil and Rest. By Mrs. P. M. Latham. 

Fcap. 8vo. 5s. 

The Rose and the Lotus ; or. Home in England, and Home in 
India. By the Wife of a Bengal Civilian. [Shortls. 

The Gem of Thomey Island ; or, The Historical Associations of 

Westminster Abbey. By the Rev. J. Ridgway, M. A. Vice Principal of 
the North London Collegiate School. [M thepns*. 

The White Lady, translated from the German by the Hon. C. L 
Lyttelton. With numerous Illustrations. Fcap. 8vo. Cloth, 2s. 6(L 

Undine, translated from the German by the Hon. C. L. LytteltoO' 
With numerous Illustrations. Fcap. 6vo. Cloth, 2s. 6d. 

Together, cloth gilt, 5«. 

Voices from the Greenwood, Adapted from the Original. By 
Lady Maxwell Wallace. Imperial 16mo. With Illustrations. 5s. 

Princess Use : a Legend, translated from the German. By Lady 
Maxwell Wallace. Imperial 16mo. With Illustrations. 5s. 




HE Legend of the Golden Prayers, and other Poems. . 
By C. F. Alexander, Author of '* Moral Songs," *' Verses for Holr : 
Seasons," &o. Fcap. 8to. .5s. ' 

Verses for Holy Seasons. By the Same Author. 1 
Edited by the Very Rev. W. F. Hook, D.D. Fxntrth Edition. Feap. 8tOm > 
Zs. 9d. Morocco, or antique calf, 8s. M. 

Passion Week : A Collection of Poetical Pieces on Subjects suited \ 

to that Holy Season. Compiled by £. M. Townsend, Editor of " Christ- 
mas Tyde." With Sixteen Illustrations from Albert Durer. Imperial , 
16mo. antique cloth, 7s. 6d. ; antique morocco, 14«. ^ 

Herbert's Poems and Country Parson, with Memoir hj Walton. 
Super royal 82mo. cloth, red edges, 3s. Qd. Morocco, or cf. antique, 7s. 9d. 

Herbert's Temple, Sacred Poems and Private Ejaculations. Super 
royal 32mo. cloth, red edges, 2s. M. Morocco, or calf, 6s. Qd. 

Herbert's Priest to the Temple, or the Country Parson. Cloth, 
red edges, 2s. Morocco, 5s. 

A Garland from the Parables. By the Rev. W. Edensor Little* 
wood, B.A., late Scholar of Pembroke Coll. Cambridge. Fcap. 8vo. 2s. 9d. 
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Sabbath Bells chimed hy the Poets. With Sixteen Coloured 
niuBtrations. Printed in imitation of the Original Drawings by Birket 
Foster. Second Edition. Ornamental Cloth, lOx. 6d. ; Morocco, 21«. 

Footpaths between Two Worlds, and other Poems. By Patrick 
Scott, Esq. Post 8vo. ««. 

Poems. By Thomas Ashe, Esq. Pcap. 8vo. 6«. 

lo in Egypt, and other Poems. By R. Garnett, Esq. Pq). 8to. 5s. 

Legends and Lyrics, by Adelaide Anne Procter, Third Edition. 
Fcap. Svo. 58. 

The Defence of Guenevere, and other Poems. By William Morris. 

Fcap. 8vo. 6*. 

Ballads and Lays, lUnstrative of Events in Early English History. 
By the Rev. F. W. Mant, B. A., Vicar of Stanford and Tottington. Fcap. 
8vo. 5s. 

David Mallet's Poems. With Notes and Illustrations by P. Dins- 
dale, Esq., LL.D., F.S.A. Hew Edition. Post 8vo. 105. 6d, 

Percy's Beliques of Ancient English Poetry. 3 vols, small 8vo. 
cloth, I5s. Half-bonnd, 18s. Cau, 1/. 8s. Morocco, 1/. 10s. 

Ellis's Specimens of Early English Poetry. 3 vols, uniform toith 
the aoovsy and at the same prices. 

Pictorial Book of Ancient Ballad Poetry, Traditional and Ro- 
mantic Chronologically arranged, with Translations and Imitations. 
Edited by J. 8. Moore. New and Improved Edition. 8vo. {In the press. 

The Haymakers' Histories. Twelve Cantos in Terssa Rima. By 
Rather. Fcap. 8vo. 4s. 

Poems. By the Rev. G. J. Chester. Pcap. 8vo. 3s. 6rf. 

Nursery Poetry. By Mrs. Motherly. With Illustrations by C. 
S. Lane. Snper-royal Ifimo. [/n the pressi 

A Poetry Book for Children. Illustrated with Thirty-seven 
highly-finished Engravings, by C. W. Cope, R. A., Helmsley, Palmer, 
Skill, Thomas, and H. Weir. New Edition. Crown 8vo. 2s. 6d. 

A Poetry Book for Schools, with 37 Superior Illustrations. 
Strongly bound. Crown 8vo. Is. 

This work is largely used in National and Primary Schools. 




OTHIC Ornaments ; being a Series of Examples of en- 
riched Details and Accessories of the Architecture of Great 
Britain. Drawn from existing Authorities. By J. K. Colling, 
Architect. Royal 4to. Vol. I. 3/. 13s. ^. Vol. II. 3/. Ids. 6d. 

Details of Gothic Architecture, Measured and Drawn from existing 
Examples. By J. K. Colling, Architect. Royal 4to. 2 vols. 5^. 6s. 

Examples of Ancient Domestic Architecture, Illustrating the 
Hospitals, Bede-honses, Schools, Almshouses, &c. of the Middle Ages, in 
England. By F. T. DoUman, Esq. Author of " Examples of Aiicie&t 
Pulpits," &c. Royal 4to. U. lis. ^. Imperial 4to. S/. 5s. 
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HE Study-Book of Medieval Architecture and Art; 
being a series of Working Drawings of the Principal Mono- 
ments of the Middle Ages, whereof the Plans, Sections, Eleva- ; 
tions. and Details, are drawn to Uniform Scales. By T. H. 
King, Esq. Architect. 
The importance and value of this publication will be best shown fly an 
examination of the subjoined list of Churches^ which will all be fully illus- 
trated in its pa^es. 
Vol. I. contains : — Braisne en Soissonnais, ^tampes, Flavigny, Alby, 
8t. Bertrand des Comminges, Altenbei^, Anxerre, Manlbroon, Semur 
en Auxois, Di^on, Seez, Spire, Qelnhausen, Lnneboui^, and Toulouse. 
23 Churches in all. [Ready. 

Vol. II.: — Soissons, Laach, Andemach, Coblentz, Emmerich Chalice, 
Oberwesel, Friborg, Oppenheim, Bruges, Ghent, Lisseweghe, Mar- 
burg, Halberstadt, Mayeuce, Hildesheim, RomersdorfF, Neuss, Wesel 
Chalice, and Ratisbonne. 28 Churches in all. [In the press. 

Vol. III. :— Bamberg, Heilbro^n, Osnabruck, Laon, Le Mans, Chartres, 
St. Leu d'Esseren, Antwerp, Senlis, Bheims, Mantes, and Brussels. 
25 Churches in all. [J^eparing. 

Vol. IV. : — Erfurt, Ulm, Naumbourg, Cobem, Bacheracn, Herfort, 
Worms, Limbui^, Treves, and Lubeck. 24 Churches inall. [Preparina. 
The work is being issued in Monthly Parts, Imp. 4to. price 6s. each, 
and in four volumes, each containing one hundred plates etched on copper, 
with descriptive text, price 3/. 3s. (or on India paper, 4^. 4^.) Volume I. 
is now reaay. 

Architectural Studies in France. By the Rev. J. L. Petit, M.A., 
F.S.A. With Illustrations from Drawings by the Author and P. H. 
Delamotte. Imp. 8vo. 21. 2s. 

Remarks on Church Architecture. With Illustrations. By the 
Rev. J. L. Petit, M.A. 2 vols. 8vo. U. Is. 

Lectures on Church Building : with some Practical Remarks on 
Bells and Clocks. By E. B. Denison, M.A. Second Edition, Rewritten 
and enlarged ; with Illustrations. Crown 8vo. Is. 6d. 

Scudamore Organs, or Practical Hints respecting Organs for Vil- 
lage Churches and small Chancels, on improved principles. By the Rev. 
John Baron, M.A., Rector of Upton Scudamore, Wilts. With Designs by 
Qeorge Edmund Sti'eet, F.S.A. 8vo. bs. 

Memoirs of Musick. By the Hon. Roger North, Attorney- 
General to James II. Now first printed from the original MS., and ed- 
ited, with copious Notes, by Dr. E. F. RimbaulL Fcap. 4tQ. half mo- 
rocco, 1/. lOs. 

An Account of the Musical Celebrations on St. Cecilia's Day, in 
the Sixteenth, Seventeenth, and Eighteenth Centuries. With an Ap- 

endix containing a Collection of the Odes on St. Cecilia's Day. By W. 
. Husk, Librarian to the Sacred Harmonic Society. Crown 8vo. Is. dd. 

The Bell; its Origin, History, and Uses. By the Rev. Alfred 
Gatty, M.A. 12mo. 3s. 

Runic, and other Monumental Remains of the Isle of Man. By 
the Rev. J. G. Cumming, M.A., F.G.S., Head Master of the Granunar 
School, Lichfield. Printed by Whittingham, with Illustrations. 4to. 10c 

The Story of Rushen Castle and Rushen Abbey in the Isle of 
Man. By the Rev. J. G. Cumming, M.A., F.G.S., Head Master of the 
Ghrammar School, Lichfield. 8vo. 6s. 

Proceedings of the Archaeological Institute at Newcastle, in 1853. 
With Numerous Engravings. 2 vols. Svo. 21. 2s. 
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Clark's Introduction to Heraldry. — Containing Rules for Blazon- 
ing and Marshalling Coats of Armoor — Dictionary of Terms — Orders of 
Knighthood explained — Degrees of the Nobility and Gentry — Tables of 
Precedency; 48 Engravings, including upwards of 1,000 Examples, and 
the Arms of numerous Families, i^xteenth Edition improved. Small 
8vo. 7s. dd. Coloured, 18«. 

Book of Familv Crests and Mottos, with Four Thousand EngraV' 
ings of the drests of the Peers, Baronets, and Gentry of England and 
Wales, and Scotland and Ireland. A Dictionary of Mottos, &c. Ninth 
Edition, enlarged. 2 vols, small 8to. 1/. 1$. 

** Perhaps the best recommendation to its utility and correctness (in 
the main) is, that it has been used as a work of reference in the Heralds 
College. No wonder it sells." — Spectator. 

Book of Mottos, used by the Nobility, Gentry, &c. with Trans- 
lations, &c. New Edition, enlarged. Small 8vo. cloth gilt, 2s. 6d. 




HE Prince Consort's Addresses on Different Public Oc- 
casions. Beautifully printed by Whittingham. 4to. lOs. 6d. 

The Principles of Beauty. By John A. Symonds, 
M.D., F.R.S., Ed., F.R.C.Ph. Consulting Physician of the 
Bristol Gteneral Hospital. With Illustrations. Royal 8vo. Qs. 

Engravings of Inedited or Rare Greek Coins, with Descriptions. 
aj Lt.-Gen. C. R. Fox. Part I. Eubope. Royal 4to. 7s. 6d. 

History of England, from the Invasion of Julius Caesar to the End 
of the Reign of George II., by Hume and Smollett. With the Continua- 
tion, to the Accession of Queen Victoria, by the Rev. T. S. Hughes, B.D. 
late Canon of Peterborough. New Edition, containing Historic^ Illustra- 
tions, Autographs, and Portraits, copious Notes, and the Author's last 
Corrections and Improvements. In 18 vols, crown 8to. 4^. each. 

Vols. I. to VI. (Hume's portion), 11. 4*. 

Vols. VII. to X. (Smollett's ditto), 16*. 

Vols. XI. to XVIII. (Hughes's ditto), U. 12». 

History of England, from the Accession of George m. to the 

Accession of Queen Victoria. By the Rev. T. S. Hughes, B.D. late Canon 
of Peterborough. Being the Completion of the History of England from 
the Invasion of Julius Cssar to the Present Reign. New Edinon, almost 
entirely re-written. In 7 vols. 8vo. 3/. 135. 6d. 

Table Talk; being the Discourses of John Selden, Esq., or his 
sense of various matters of weight and high consequence, relating espe- 
cially to Religion and State. S^mo. 2s. Morocco, 7s. 

Choice Notes from " Notes and Queries," by the Editor. Fcap. 
8vo. 5s. each. 

Vol. I. — HiSTOBT. 
Vol. II. — Folk Lore. 

Similar Volumes illustrative of Biography, Literature, Proverbs, Bal- 
lads, Philology, etc. are in preparation. 

Life and Books ; or, Becords of Thought and Beadine. By J. E. 
Boyes, M.A., Author of " Illustrations to Aeschylus and Sophocles," &c. 
Fcap. 8vo. 58. 

A2 
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Life's Problems. Essays Moral, Social, and Psychological. Fcp. 5s. 

The Institutes of Justinian ; with the Novel as to Successions. 
Translated by W. Qrapel, Esq., M.A., Professor of Jnrispmdence in the 
Presidency College, Calcutta. 8to. Ids. 6d. 

Sources of the Boman Civil Law : an Litroduction to the Institutes 
of J'ustinian. By W. Grapel, Esq., M. A., Professor of Jurisprudence in 
the Presidency College, Calcutta. 8vo. 55. 

Parliamentary Short-Hand (Official System). By Thompson 
Cooper. Fcap. 8vo. 2s. 6d. 

This is the system universally practised by the Government Official Re- 
porters. It has many advantages over the system ordinarily adopted, 
and has hitherto been inaccessible, except in a high priced volume. 

Geology in the Garden. With numerous Illustrations. By the 
Rev. Henry Eley, M.A., Vicar of Broomfleld, Essex. Fcap. 8vo. 6«. 

The Speaker at Home. Chapters on Extempore and Memoriter 
Speaking, Lecturing, and Reading aloud. By the Rev. J. J. Halcombe, 
M.A., late Scholar of Magdalen College, Cambridge; with Remarks on 
the Physiology of Speech, by W. H. Stone, M-A.., M.D., F.R.C.S., L.R.C.P., 
late Scholar of Balliol College, Oxford. Fcap. 8vo. 35. Qd. 

The Servant's Behaviour Book ; or, Hints on Manners and Dress 
for Maid Servants in Small Households. By Mrs. Motherly. Fcap. 8to. 
Cloth, Is. 6d. 

A Wife's Home Duties; containing Hints to inexperienced 
Housekeepers. Fcap. 8vo. 25. 6d. 

Proceedings of the Philological Society, for 1854, 1855, and 1856. 
8vo. 2l5. each. Ditto, ditto, from 1842 to 1853 inclusive. 6 vols. Svo. 3/. 



The Life of Martm Luther. By H. Worsley, M. A., Hector of 

Easton, Suffolk. 2 vols. 8vo. 1/. 45. 

A Memoir of the Bev. James Marshall, late Incumbent of Christ 
Church, Clifton, and formerly a Presbyterian Minister in Scotland. Com- 
piled by his Son. Fcap. 8vo. 5s. 

The Life and Times of Sir Peter Carew, Kt. With Historical 
Introduction and Elucidatory Notes, by J. Maclean, Esq., F.S.A., Keeper 
of the Records of H. M. Ordnance. 8vo. IQs. 

Walton's Lives of Donne, Wotton, Hooker, Herbert, and San- 
derson. A New Edition, to which is now added a Memoir of Mr. Isaac 
Walton, by William Dowling, Esq. of the Inner Temple, Barrister-at- 
Law. With Illustrative Notes, numerous Portraits, and other Engrav- 
ings, Index, &c.^ Crown Svo. 10s. 6d. Calf Antique, 15*. Morocoo, 18f. 
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THEOLOGICAL WORKS. 

SERMONS. 

WENTY-FOUR Sermons on Christian Doctrine and 
Practice, and oa the Chnrch, By C. J. Blomfleld, D.D., l&te 
Lord Bishop of London. ^Hitherto unpublished.) 8vo. its, Qd. 

Missionary Sermons preached at Hagley, by the Rev. 

R. Lawson, M.A., Canon Trevor, the Bishop of St. Helena, the Rev. C. 
Monro, M.A., the Bishop of Capetoym, &na Capon Claughton. Edited 
by the Hon. and Rev. W. H. Lyttelton, M . A. Fcap. 8vo. 3s. Qd. 

King's College Sermons, by the Rev. E. H. Plumptre, M.A., 
Divinity Professor. Fcap. 8vo. 2s. 6d. 

Sermons preached in Westminster. By the Rev. G. F. Secretan, 
M.A., Incumbent of Holy Trinity, Vanxhan-Bridge Road. Fcap. Svo. 6s. 

Sermons. By the Rev.A. Gatty. Post Svo. 8s, 

Twenty Plain Sermons for Country Congregations and Family 
Reading. By the Rev. A. Gatty, Vicar of Ecclesfleld. Fcap. Svo. 6s. 

Sermons to a Country Congregation — Advent to Trinity. By the 
Rev. Hastings Grordon, M. A. 12mo. 6s. 

Parochial Sermons. By the Rev. P. G. Stacy, Vicar of Horn- 
church, Esses. Fcap. Svo. 5s. 

Sermons delivered at St. Saviour's Church, Bath. By the Rev. 
W. C. Magee, B.A. Second Edition. Fcap. Svo. 5s. ; Second Series, 
Second Edition. Fcap. Svo. 6s. 

Sermons on the Christian Life. By the late Rev. A. J. Macleane, 
M.A. Svo. lOs. Qd. Second Series (on Faith ^.nd Other Subjects), Svo. 
10s. %d. Third Series (on Various Subjects), Svo. 10s. 6cf. 

Our Privileges, Responsibilities, and Trials. — Sermons for the 
Times, preached at St. Mark's Church, Surbiton. By the Rev. E. 
Phillips, M.A., Incumbent. Fcap. Svo, 5s. 

Plain Parochial Sermons. By the Rev. C. F. C. Pigott, B.A., 
late Curate of St. Michael's, Handsworth. Fcap. Svo. 6s. 

Sermons, chiefly Practical. By the Rev. T. Nunns, M.A. Edited 
by the Very Rev. W. F. Hook, D.D., Dean of Chichester. 12mo. 6s. 

Sermons Suggested by the Miracles of our Lord and Saviour Jesus 
Christ. By the Very Rev. W. F. Hook, D.D., Deftn ©f Chichester. 2 vols. 
Fcap. Svo. 12s. 

Five Sermons, Preached before the University of Oxford. By the 
Very Rev. W. F. Hook, D.D., Dean of Chichester. Third Edition. 3s. 

Sermons, Preached in the Parish Church of Godalming, Surrey, 
by the Rev. E. J. Boyce, M.A., Vicar. SeOmd Edition. Fcap. Svo. 6s. 

Life in Christ. — Sermons preached at Christ Church, St. Mary- 
lebone. By the Rev. J. Llewellyn Davies, M.A., Rector of Christ Churcn, 
Marylebone, and Fellow of Trinity College, Cambridge. Fcap. Svo. 5$. 

The Church of England ; its Constitution, Mission, and Trials : 
Sermons by the Rt. Rev. Bishop Broughton. Edited, with a Prefatory 
Memoir, by the Ven. Archdeacon Harrison. Svo. 10s. 6d. 
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Plain Sermons, Addressed to a Country Congregation. By the 
late Edward Blencowe, M.A. Three Series, 12mo. 75. 6d. each. 

Sermons, Preached in the Parish Church, Edmonton. By the 
Rev. Thomas Tate, M.A. Post 8to. 6s. 

Westminster Abbey Sermons for the Working Classes, 1858. 
Authorized Edition. Price Id. each, or, in a Tolnme, Is. 6d. ; cloth, 2s. 

Sermons preached at St. Paul's Cathedral. Authorized Edition. 
By tne Rijcrht Hon. and Right Rev. the Lord Bishop of London, 
the Dean of St. Paul's, the Lord Bishop of Ripon, the Very Rev. W. F. 
Hook, D.D., the Rev. W. Cadman, the Rev. J. H. Oumey, tl\e Rev. T. 
Dale, the Rev. Dr. M'Neile, the Rev. Dr. Vanghan, the Rev. Dr. Stanley, 
the Lord Bishop of Carlisle, the Rev. Dr. Gonlbom, the Rev. C. J. P. 
Eyre, the Lord Bishop of Oxford, the Rev. Canon Champneys, the Rev. 
Dr. Miller, the Dean of Canterbury, the Dean of Ely, the Rev. W. Hale 
Hale, M.A., the Rev. Canon Boyd, the Ven. Archdeacon Sinclair, and the 
Right Rev. the Lord Bishop of London. Price Id. each, or, in a volume, 
2s. ; cloth, 2s. Qd. , 

Westminster Abbey Sermons for the Working Classes, 1859. 
Authorized Edition. Those by the Dean of Westminster, the Ven. Arch- 
deacon Grant, the Rev. D. Moore, the Rev. J. E. Kempe, the Very Rev. 
D^an Alford, the Rev. T. B. Morrell, the Bishop of Columbia, the Bishop 
of Ripon, the Rev. W. J. Butler, the Rev. Canon Stowell, the Rev. J. 
Lawrell, the Rev. R. Burgess, the Rev. Dr. Cureton, the Bishop of Lon- 
don, the Rev. F. J. Holland, the Bishop of Ossory, the Rev. W. C. Lake, 
the Very Rev. Dr. Newman, the Rev. R. Milman, the Rev. Lord John 
Thynne, the Very Rev. the Dean of Westminster, the R^v. Dr. Vanghan, 
the Bishop of St. Helena. Price Id. each ; or, in a volume, 2s. ; cloth, 2s. 6(/. 



W^t IBebotuinal ILt&rars. 

Edited by the Very Rev. W. F. Hook, D.D., Dean of Chichester. 

A Series of Works, original or selected from well-known Church of Eng- 
land Divines, published at the lowest price, and suitable, from 
their practical character and cheapness, for 
Parochial distribution. 

HORT Meditations for Every Day in the Year. 2 vols. 
(1260 pages,) 32mo. Cloth, 5s. ; caff, gilt edges, 9s. 

In S^mrate Parts. 

ADVENT to LENT, cloth, 1*. ; limp calf, gilt edges, 2s. W. ; 
LENT, cloth, M. ; calf, 2«. U. EASTER, cloth, 9c;. ; calf, 2s. Sd. TRI- 
NITY, Part I. cloth, I«. ; calf, 2s. erf. TRINITY, Part II. 1*. ; calf, 
2s. 6d. 

\* Large Paper Edition, 4 vols. fcap. large type. lis. 

The Christian taught l^ the Church's Services. (490 pages), 
royal 32mo. Cloth, 2s. 6rf. ; calf, gilt edges, 4^. 6d. 

In Separate Parts. 

ADVENT TO TRINITY, cloth, 1*. : limp calf, gilt edges, 2s. 6rf. TRI- 
NITY, cloth, 8rf. ; calf, 2s. 2d. MINOR FESTIVALS, cloth, 8rf. ; calf, 
2s. 2d. 

%* iMrge Paper Edition, Fcap. 8vo. large type. €». 6rf. 
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DevotioDS for Domestic Use. 32mo. dotb, 2s. ; calf, 4s. Con- 
taining : — 

The Common Prayer Book the best Companion in the Family as well 

as in the Temple. Stitched, 3d. 
Litanies for Domestic Use, 2d. 
FamilyPrayers ; or, Morning and Evening Services for every Day in 

the Week. By the Right Bev. the Bishop of Salisbury ; cloth, Qd. ; 

ealf, 2s, 
Bishop Hall's Sacred Aphorisms. Selected and arranged with the 

Texts to which they refer. By the Bev. R. B. Exton, M.A. ; cloth, 9d. 

\* These are arranged together as being suitable for Domestic Use; but 
they may be had separately at the prices affixed. 

Aids to a Holy Life. First Series. 32mo. Cloth, Is. 6<f. ; calf, 

S«. (id. Containing : — 

Prayers for the Young. By Dr. Hook, |d. 

Pastoral Address to a Young Communicant. By Dr. Hook, \d. 

Helps to Self-Examination. By W. F. Hook, D.D., M. 

Directions for Spending One Day Well. By Archbishop Synge, ^. 

Rules for the Conduct of Human Life. By Archbishop Synge. Id. 

The Sum of Christianity, wherein a short and plain Account is gi^en 
of the Christiaa Faith; Christian's Duty; Christian Prayer; Cnris- 
tian Sacrament. By C. Ellis, Id. 

Ejaculatory Prayer; or, the Duty of Offering up Short Prayers to God 
on all Occasions, with hearty Devotion and warmth of Spirit. By K. 
Cook, 2d. 

Prayers for a Week. From J. Sorocold, 2d. 

Companion to the Altat ; being Prayers, Thanksgivings, and Medita- 
tions. Edited by Dr. Hook. Cloth, 6d. 
Any of the above may be had for distribution at the prices affixed; they 
are arranged t<^ether as being suitable for Young Persons and for Pri- 
vate Devotion. 



« 



Aids to a Holy Life. Second Series. 32mo. Cloth, 2s. ; calf, 

4f . Contaimng : — 
Holy Thoughts and Prayers, arranged for Daily Use on each Day in 

the Week, 3d. 
The Retired Christian exercised on Divine Thoughts and Heavenly 

Meditations. By Bishop Ken. Stitched, 3d. 
Penitential Reflections for the Holy Season of Lent, and other Days of 

Fasting' and Abstinence during the Year. 6d. 
The Crucified Jesus; a Devotional Commentary on the XXII and 

XXIII Chapters of St. Luke. By A. Horneck, D.D. Stitched, 2d. 
Short Reflectvms for every Morning and Evening during the Week. 

By N. Spinckes, 2d. 
The Sick Man Visited; or. Meditations and Prayers for the Sick Room. 

By N. Spinckes, 3d. 

\* These are arranged together as being suitable for Private Meditation and 
Prayer : they may be had separately at the prices affixed. 

Helps to Daily DeTotion. 32mo. Cloth, 8d. Containing: — 
llie Sum of Christianity, Id. 
Directions for spending One Day Well, |d. 
Helps to Self-Examination, ^. 
Short Reflections for Morning and Evening, 2d. 
Prayers for a Week, 2d. 

The History of our Lord and Saviour Jesus Christ j in Three 
Farts, with suitable Meditations and Prayers. By W. Reading, M.A. 
32mo. Cloth, 2s. ; calf, 4^. 
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Hall's Sacred Aphorisms. Selected and arranged with the Texts 

to which they refer, by the Rev. R. B. Exton, M.A. 32mo. .cloth, M. ; 
limp c«lf, gilt edges, 2«. 3d. 

Devout Musings on the Book of Psalms. 2 yols. 32mo. Cloth, 
b$. ; calf, gilt edges, %s. ; or, in foar parts, price \s. each, cloth ; limp calf, 
gilt edges, 25. 6a. 

The Church Sunday School Hymn Book. 32mo. cloth, 8d. 
%* A Large Paper Edition for Prizes, &c. \s. 6d. 




HORT Meditations for Every Day in the Year. Edited 
by the Verv Rev. W. F. Hook, D.D. 4 vols. fci^. 8vo., laige 
type, 145. cloth ; 30s. morocco. 

The Christian taught by the Church's Services. Edited 
by the Very Rev. W. F. Hook, D. D. New Edition^ fcap. 8vo. large type, 
ft?. 6rf. Antiqae calf, lis. drf. 

Holy Thoughts and Prayers, arranged for Daily Use on each 
Day of the Week, according to the statea Hours of Prayer. Fifth Edition^ 
with additions. 16mo. Cloth, red edges, 2s. ; calf, gilt edges, 3s. 

A Companion to the Altar. Being Prayers, Thanksgivings, and 
Meditations to assist the devout Christiai^ in his Preparation for and 
Attendance at the Lord's Supper. Edited by the Very Rev. W. F. Hook, 
D. D. Second Edition. Handsomely printed in red and black. 32mo. 
Cloth, red edges, 28. Morocco, 3s. 6^. 

The Church Sunday School Hymn Book. Edited by W. F, 
Hook, D.D. Large paper. Cloth, Is. 6d. ; calf, 3s. 6d. 

\* For cheap editions of the above Five Books, see List of the Devotional 

Library. 




POPULAR Paraphrase of St. Paul's Ej)istle to the 
Romans, with Notes. By the Rev. A. C. Bromehead, M.A. 
Crown 8vo. Zs. 6d. 

Saint PauPs First lietters. A Commentary, Plain and 
Practical, on the Epistles to the Thessalonians. By t|ie Rev. J. Edmunds, 
M.A., formerly Fellow of the University of Durham. Post 8vo. 5s. 

A Companion to the Authorized Version of the New Testament. 
Being Emendatory Ilotes, together with Explanatory Observations and 
a Preface. By the Rev. H. a. Hall, M.A., University College, Dorham. 
Fcap. 8vo. 4s. 6d. 

Evidences of the Truth and Certainty of the Christio-n !^eligion, 

contrasted with the Evils of Infidelity, &c. By the late Rev. W. Barnes, 
M.A. Post 8yo. 8«. 

The Sympathy of Christ. Six Headings for the Sundays in Lent, 
or tor the Days of the Holy Week. By the Rev. W. J. Dampier, M.A., 
Vicar of Coggeshall. Second Edition. 18mo. 2s. 6d. 

The Sweet Psalmist of Israel ; or, the Life of David, King of 
Israel ; illustrated by his own Psalms, newly versified in various metres. 
By the {lev. William Shepherd, B.D. Fcap. 8vo. 5s. 

The Philosophy of Evangelicism, evolved from tiie Relations be- 
tween Conscience and Atonement. Fcap. 8vo. 5s. 
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Thoughts on the Relations of Mail to the External World. By 
Henry Sewell. 12mo. 3s. 6d. 

A Summary of the Law of Christ ; or, the Duty and Happiness 
of Man. Bf J. W. Smith, B.C.L., of the Chancery Bar. Fcap. 8vo. Is. 6d. 

Ecclesiastical Outlines; or, Suggestions, Scriptural and Historieal, 
for the Abatement of Disunion and Schism among the People of England 
and Wales. By the Bev; Arthur Isham, M.A. 8vo. 10s. Qd. 

An Essay on the Existence and Attributes of Godi By the Bev. 
£dward Steere, LL.D. 8vo. 10$. Qd. 

The Testimony of Sacred Scripture, the Church of the first Five 
Centuries, and the Reformed Church df England, to the Nature and Ef- 
fects of Holy Baptism, together with a short preliminary Treatise, and au 
Appendix of extracts fron^ the Baptismal Services of the Ancient Eastern, 
Roman, &c. Churches. By John Gibson, B.D. Svo. 10s. Qd. 

Reformation Gleanings. Gleanings during the period of the 
Reformation in En^and, and of the times immediately succeeding ; a.d. 
1533 to A.D. 1588. By the late Rev. G. C. Gorham, B.D. 8vo. 17s. 6d. 

A Short Explanation of the Epistles and Gospels of the Christian 
Year, with Questions for Schools. Royal 32mo. 2s. 6d. ; calf, 4s. 6d. 

Burnet's Treatise of the Pastoral Care, with the Author's latest 
Revisions. With a Prefatory Address by the Rev. Thomas Dale, M. A. 
cloth, red edges. 3s. 6d, 

Bishop Jewel's Apology for the Church of England, with his 
famous Epistle on the Council of Trent, and a Memoir. 82mo. 2s. 

Conspectus of Pearson on the Creed. By W. Bell. 4to. 2». 6 J. 

Welehman on the Thirtv-nine Articles of the Church of England, 
with Scriptural Proofs, &c. 18mo. 2s. or interleaved for Students, 8s. 

Bishop Hobart's Ordination Questions and Answers. 18 mo. 2s. M, 

A Plain Word to the Wise in Heart on our Duties at Church, and 
on our Prayer Book. ITiird Edition. Is. 6d. 

The English Churchman's Signal. By the Writer of " A Plain 
Wora to the Wise in Heart." [Immediately. 

Readings on the Morning and Evening Prayer and the Litany. 
By Miss Blunt. ' Second Edition^ enlarged. Fcap. Svo. 3s. Qd. 

The Book of Psalms (Prayer Book Versfcn). With Short Head- 
ings and Explanatory Notes. By the Rev. Ernest Hawkins, B.D., Prie- 
bendary of St. Paul's. Second and cheaper Edition^ revised and enlarged^ 
Fcap. 8vo., cloth limp, red edges, 2s. Qa. 

%* A School Edition, in cloth, at Ids. per dozen copies. 

Family Prayers : — Containing Psalms, Lessons^ and Prayers, for 
every Morning and Evening in the Week. Bfy the Rev. Ernest Hawkins, 
B.D., Prebendary of St. Pam's. Third Edition. Fcsp. Svo. Is. ; sewed, 9d. 

Household Prayers ; or Family Prayer for Morning and Evening 
Use. With Forms for various occasions. By a Member of the Chnirch of 
England. Svo. 3s. 6d. 
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iHUBCH Beading : containing the Morning^, Evening) 
and Commuiiion Services of the Church of Ennand, pointed 
ikccordinff to the method advised by Thomas Sneridan, M.A. 
By the aey. J. J. Halcombe, B.A. of Magdalen Goll^;e» Cam- 
bridge. 8to. Zs. dd. 

The People in Church : their Bights and Duties in connection 
with the Poetry and Music of the Book of Common Prayer. By Josiah 
Pittman, Chapel-master and Organist to the Honourable Society of Lin- 
coln's Inn. 8vo. 5s. 

Music of the Prayer Book : containing Hymns and Canticles used 
at Mominff and Evening Prayer, plainly noted as a Chant Service; The 
Music to the Order for Morning and Evening Prayer and the Litany, 
together with brief Directions for understanding the same ; The Music 
to the Order of Holy Communion. By J. Pittman. 8vo., cloth, gilt edges, 5s. 

Pointed 
Cloth, Sd. 

The Church Hymnal, (with or without Psalms.) 12mo. Large 
Type, Is. 6d. IBmo. Is. 82mo. for Parochial Schools, 6d. 

This book is now in use in every English diocese, and is the Authorized 
Book in some of the colonial dioceses. 

Psalms and Hymns. By the Bight Bev. the Bishop of Natal. 
ISmo. Is. 6d. Common Paper, Is. 32mo. 6d. 

Hymns for the Service of the Church, or Family Worship, with 
the Canticles pointed for Chanting. 18mo. Cloth limp, Is. ; clotn, Is. 4d. 

The Choral llesponses and Litanies of the United Church of 
England and Ireland. Collected from authentic sources by the Bev. J. 
Jebl), A.M. Folio, U. 10s. 

The Order of Daily Service, and the Musical Notation as used in 
the Abbey Church of St. Peter, Westminster. Edited by Dr. E. F. Rim- 
banlt. 12mo. 5s. 

The First Book of the Piano-forte ; being a plain and brief Intro- 
duction to the Study of Music and the Piano-forte : with the Elements of 
fingering and playing with accuracy and expression. Illustrated by 
practical examples. By Dr. E. F. Bimbault, F.8.A. I2mo. Is. Qd. 



The Canticles used at Morning and Evening Prayer. 
for Chanting by the Bev. £. Davidson. Oblong. Sewed, 6d. 



The " Cruise of the Beacon." A Narrative of a Visit to the 
Islands in Bass's Straits. By the Bight Bev. the Bishop of Tasmania. 
With Illustrations. Crown 8vo. 5s. 

Lectures on the Tinnevelly Missions. By the Bev. Dr. Caldwell, 
of Edeyenkoody. Beprinted, with additions, from the ** Colonial Church 
Chronicle." cfrown 8vo. 2s. 6rf. 

Three Months' Visitation Tour, in the Autumn of 1855. By the 
Bishop of Capetown. With an Account of his Voyage to the Island of 
Tristan d'Acnnha, in March, 1856. Illustrated by 7 Original Sketches 
by Mrs. Gray ; printed in Colours. Fcap. 8vo. 4s. 6d. 

The Kafir, the Hottentot, and the Frontier Farmer. Passages 
of Missionary Life from the Journals of the Yen. Archdeacon Mernman. 
12mo. 3s. 6d. 

Indian Missions in Guiana. By the Bev, W. H. Brett, Mission- 
ary in Connexion with the Society for the Propagation of the Gospel. 
Fcap. 8td. 5s. 




New and Standard Publications, 17 

ED UCA TIONAL WORKS. 

1StI)Itotf)eca (lt\m%\tdi. 

A Series of Greek and Latia Authors. With English Notes. 8vo. Edited 
by various Scholars, under the direction of G Long, Esq., M.A., Classical 
Lecturer of Brighton College: and the late Rev. A. J. Macleane, M.A., 
Head Master of King Edward's School, Bath. 

UVENAL and Persius. By the late Rev. A. J, Mac- 
leane, M.A., Trinity College, Cambridge. \4tS. 

Terence. By the Rev. E. St. J. Parry, M.A., Balliol 

College, Oxford. 18s. 

Herodotus. By the Rev. J. W. Blakesley, B.D., late Fellow and 
Tutor of Trinity College, Cambridge. 2 vols. 32*. 

Cicero's Orations. Edited by G. Long, Esq., M.A. 4 vols. 
Vol. I. 16*.; Vol. II. 14«; Vol. III. 16s.; Vol. IV. 18«. 

Horace. By the late Rev. A. J. Macleane, M.A. 18«. 

Aeschylus. By F. A. Paley, M.A. 18s. 

Euripides. By F. A. Paley, M.A. Vol. I. and II. 16». each. 
Vol. III. in the press. 

Virgil. By J. Conington, M.A., Professor of. Latin at. Oxford. 
Vol. I. containing the Bucolics and Georgics. 12s. Vol. II. preparing. 

Demosthenes. By the Rev. R. Whiston, M.A., Head Master of 
Rochester Grammar School. Vol. I. 16s. 

Sophocles. By the Rev. F. H. Blaydes, M.A. {In the press, 

Plato. Vol. I. containing "The Gorgias," "Phaedrus,*' and 
" Symposium." By the Rev. W. H. Thompson, M.A., Regius Professor 
of Greek in the University of Cambridge. [l^eparing. 

Tacitus. By the Rev. G. Butler, M. A., Exeter College, Oxford. 

{Preparing. 

A Series of Ghreek and Latin Authors. Ne#ly Edited, with English 
Notes for Schools. Fcap. 8vo. 

ENOPHONTIS Anabasis, with Introduction ; Geogra- 
phical and other Notes, Itinerary, and Three Maps compiled 
from recent sun'eys. By the Hev. J. F. Macmichael, cA. 
New Edition, ds. 

Xenophontis Cyropaedia. By the Rev. G. M. Gorham, 
M.A., late Fellow of Trinity College, Cambridge. 6s. 

J. Caesaris Commentarii de Bello Gallico. By G. Long, Esq., 
MA. 5s. 6d. 

Caesar de Bello Gallico, Books 1 to 3. With English Notes for 
Junior Classes. By G. Long, M.A. 2s. Qd. 
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Quinti Horatii Flacci Opera Omnia. By the HeF. A. J. Mac- 
lesne, M.A. Qs. 6d. 

P, Ovidii Nasonis Fastorum Libri Sex. By F. A. Paley, Editor 
of ^ Aeschylus " and " Fropertivs." 5s. 

M. Tullii Ciceronis Cato Major, Sive de Senectute, Laelius Sive 
de Amicitia, et Epistolae Selectae. By Q. Long, Esq., M.A. 4g. 6d. 

Uniform vrith the above. 

'the New Testament in Greek, based on the Text of Schok. 
With English Notes and Prefaces, a Synopsis of the Four Gospels, and 
Chronolo^cal Tables, illnstrating the Gospel NarratiTe, by the Rev. J. 
F. Maemichael, B.A. 730 pages. Price 7«. 6d. 

(ttamfitilKge ©reelt antj Uatin Ctrtjs. 

This series is intended to supply for the use of Schools and Students cheap 
and accurate editions of the Classics, which shall be superior in mechanical 
execution to the small German editions now current in this country, and more 
convenient in form. 

The texts of the Bibliofheca Classica and Grammar School Classics, so far 
as they hare been published, vrill be adopted. These editions have taken 
their place amoqgst scholars as valuable contributions to the Classical Litera- 
ture of this country, and are admitted to be good examples of the judicious 
and practical nature of English scholarship ; and as the editors have formed 
their texts from a careful examination of the best editions extant, it is believed 
that no texts better far general use can be found. 

The volumes will be well printed at the Cambridge Univernty Press, in a 
16mo. size, and will be issued at short intervals. 

ORATIUS, ex recensione A. J. Macleane, A.M. 2s. BcL 

Aeschylus, ex novissima recensione F. A. Paley, A.M. 
3«. 

Euripides, ex recensione, F. A. Paley, A. M., vols. I. and 11. 
3*. 6d. each. [Vol. III. preparing.] 

Thucydides, ex recensione J. G. Donaldson, S.T.P. 2 vols. 7». 

Vergilius, ex recensione J. Conington, A.M. 3«. 6d. 

Herodotus, ex recensione J. W. Blakesley, S.T.B. [/n theprcMs. 

Uniform with the above. 

Novum Testamentum Graecum Textus Stephanici, 1550. Acce- 
dnnt variae Lectiones editionum Bezae, Elzeviri, Lachmanni, Tiscben- 
dorfii, Tregellesii, cnrante F. H. Scrivener, A.M. [In the press. 

dToreign (Klmm%. 

With English Notes for Schools. Uniform with the GBAmAB School 

Classics. Fcap. 8vo. 

[VENTURES de T^Mmaque, par F^nelon. Edited by 
C. J. Delille. Second Edition^ revised, As. Qd. 

Histoire de Charles XJI. par Voltaire. Edited by L. 
Direy. Second Edition, revised. Ss. 6d. 
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Select Fables of La Fontaine. Edited by F. Gasc, M. A. 3«. 

*' None need now be afraid to introduce this eminently French author, 
either on account of the difficulty of translatinff him, or the occasional 
licence of thought and expression in which he indulges. The renderings 
of idiomatic passages are unusually good, and the purity of English per- 
fect." — Athenaum. 

Piociola, by X. B. Saintine. Edited by' Dr. Dubuc. 3s. 6d, 

This interesting story has been selected with the intention of providing 
for schools and young persons a good specimen of contemporary French 
literature, free from the solecisms which are frequently met wkh in writers 
of a past age. 

REEK Accidence. By the Rev. P. Frost, M. A. 8vo. 
Is. 

Irregular Greek Verbs of Frequent Occurrence. 8vo. 
Is. 

Latin Accidence. By the Rev. P. Frost, M. A. 8vo. Is. 

Latin Versification. 8vo. I5. 

The Principles of latin Syntax. 8vo. 'Is. 

Homeric Dialect : its leading Forms and Peculiarities. By J. S. 
Baird, T.C.D. 8to. 1«. 6d. 

A Catalogue of Greek Verbs, I^re^lar and Defective; their 
leading formations, tenses in use, and dialectic inflexions ; with a copious 
Appendix, containing Paradigms for conjugation, Rules for formation of 
tenses, &c. &c. By J. 8. Baird, T.C.D. 8vo. Zs. 6d. 





ABRINAE Corolla in hortulis Regiae Scholae Salo- 
piensis contexnerunt tres viri floribus legendis. Editio Altera. 
8vo. 125. 

A Grammar School Atlas of Classical Geography. The 
Maps constructed by W. Hughes, and edited by G. Long. Imp. 8vo. 5s. 

An Atlas of Classical Geography, containing 24 Maps; con- 
structed by W. Hughes, and edited by G. Long. JVew Edition, with 
coloured outlines, and an Index of Places. Imp. 8vo. 12s. 6d. 

First Classical Maps, with Chronological Tables of Grecian and 
Roman History, Tables of Jewish Chronology, and a Map of Palestine. 
By the Rev. J. Tate, M.A. Third Edition. Imp. 8ro. 7s. 6d.: 

A Latin Grammar. By T. Hewitt Key, M. A . , Professor of Gom- 

parativ.e Grammar, and Head Master of the Junior School, in University 
College. Second Edition, revised. Post 8vo. 8;. 

A Short Latin Grammar, for Schools. By T. H. Key, M.A. 
Third Edition. Post' 8vo. ts. 6d. 

Latin Accidence. Consisting of the Forms, and intended to pre- 
pare boys for Key's Short Latin Grammar. The simple arrangement of 
the Eton Grammar has been followed as far as is consistent with the crude 
form system. Post 8vo. 2s. 
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Progressive Latin Delectus. By J. T. V. Hardy, B. A., London. 
Fcap. Svo. 2s. 

Rules for the Genders of Latin Nouns, and the Perfects and Su- 
pines of Verbs : vrith an Appendix, containing hints on Latin Construing, 
AC. By the Rev. H. Haines, M.A. 12mo. Is. 6d. 

Materials for Latin Prose Composition. By the Rev. P. Frost, 
M.A., St. John's College, Cambridge. 12mo. 2s. 6d. Key, 4s. 

Richmond Rules to form the O vidian Distich, &c. ; with an In- 
trodnctpry Preface. By J. Tate, M.A. Svo. Is, 6rf. 

The Works of Virgil, translated. The First four Pastorals, the 
Oeorgics, and the First Four Aeneids, by the Rev. R. Kennedy. The last 
six Pastorals, and the last Aeneids, by C. R. Kennedy. Royal Svo. 20s. 

The Works of Virgil, closely rendered into English Rhythm, and 
illustrated from British Poets of the 16th, 17th, and ISth Centuries. By 
the Rev. R. C. Singleton, M.A. 2 vols, post Svo. ISs. 

Quintus Horatius Flaccus. Fcap. Svo. lUustrated with 50 En- 
gravings from the Antique. 5s. Morocco, 9s. 

Selections from Ovid : Amores, Tristia, Heroides, Metamorphoses. 
With English Notes, by the Rev. A. J. Macleane, M.A. Fcap. Svo. ds. 6d. 

Selections from Herrick, for Translation into Latin Verse. By 
the Rev. A. J. Macleano, M.A. 12mo. 2s. 6d. 

Auxilia Graeca : containing Forms of Parsing and Greek Trees, 
the Greek Prepositions, Rules of Accentuation, Greek Idioms, &c. &c. 
By the Rev. H. Fowler, M.A. 12mo. 3s. 6d. 

Florilegium Poeticum Anglicanum : or, Selections from English 
Poetry, for the Use of Classical Schools. 12mo. 3s. 6d. 

Disciplina Rediviva: or, Hints and Helps for Youths leaving 
School. By the Rev. J. S. Gilderdale, M.A. Fcap. Svo. 5s. 

Rudimentary Art Instruction for Artisans and others, and for 
Schools ; prepared at the request of the Society of Arts, Manufactures, 
and Commerce. FREEHAND OUTLINE. Pai-t I. Outlikb fbok 
Outline, or from the Flat. 3s. Part II. Outline fboh Objects, or 
firom the Round. 4s. By John Bell, Sculptor. Oblong 4to. 

The Elements of Euclid. Books I.— VI. XI. 1- 21 : XII. 1,2; 
a new text, based on that of Simson, with Exercises. Edited by H. J. 
Hose, B.A., late Mathematical Master of Westminster School. Fcap. 
Svo. 4s. 6d. 

A Graduated Series of Exercises on the Elements of Euclid : 
Books I.— TI.; XI. 1—21 ; XII. I, 2. Selected and arranged by Henry 
J. Hose, M.A. 12mo. Is. 

The Enunciations and Figures belonging to the Propositions in 
the First Six and part of the Eleventh Books of Euclid's Elements, 
(usually read in the Universities,) prepared for Students in Geometry. 
By the Rev. J. Brusse, D.D. Neiv Edition. Fcap. Svo. is. On cards, 
in case, os. M. 

A Table of Anti-Logarithms ; containing to seven places of deci- 
mals, natural numbers, answering to all Logarithms from '0000 1 to *99999 ; 
and an improved table oi Gauss' Logarithms, by which maybe found the 
Logarithm of the sum or difference of two quantities whose Logarithms 
are given. With an Appendix, containing a Table of Annuities for three 
Joint Lives at 3 per cent. Carlisle. By H. E. Filipowski. Second Edition. 
Svo. 15s. 
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The Enunciations and Corollaries belonging to the Propositions 
in the First Six, and Eleventh and Twelfth^ooks of Euclid's Elements. 
New Edition. 18mo. M. 

A Graduated Series of Exercises in Elementary Algebra, with an 
Appendix containing Papers of Miscellaneous Examples. Designed for 
the Use of Schools. By the Rev. Or. F. Wright, M.A., Mathematical 
Master at Wellington College. Crown 8vo. 3f. 6c^. 

A Progressive Course of Examples in Arithmetic. By the Rev. 
J. Watson, B.A. of Corpus Christi College, Cambridge. Post 8to. 2s. 6d. 
or with Answers, 3s. 

Materials for French Prose Composition ; or, Selections from the 
best English Prose Writers. Witn copious Foot Notes, and Hints for 
Idiomatic Renderings. By F. E. A. Grasc, M.A., French Master at 
Brighton College. Fcap. 8vo. 4s. 6rf. 

First French Book ; being a New, Practical, and Easy Method of 
Learning the Elements of the French Language, by F. E. A. Gasc, M.A., 
Author of** Materials for French Prose Composition." Fcap. 8vo. Is. 6d. 

A Short and Easy Access to the French Language, preceded by 
a Practical Treatise on Fi;ench Pronunciation, and combining all the 
advantages of Grammars, Exercises, and Dialogues. For self-instruction 
and the use of Schools. By F. L. Murgeaud. Third JEditioriy revised, 
and enlarged, by S. A. Mayeur. Post 8vo. 4s. 

rhe French Drama ; being a Selection of the best Tragedies and 
Comedies of Moli^re, Racme, P. Corneille, T. Corneille, and Voltaire. 
With Arguments in English at the head of each scene, and Notes, Critical 
and Explanatory, by A. Gombert. Sold separately at Is. each. Half- 
bound, is. 6d. each. 

Le Nouveau Tresor » or, French Student's Companion : designed 
to facilitate the Translation of English into French at Sight. Mnth 
^i^ion, with Additions. By M. E»*» S**»^. 3s. 6d. 

rhe Elements of the English Language, for Schools and Colleges. 
By Ernest Adams, Esq., Assistant Master in University College School. 
Post 8vo. 4s. 

1 Practical Synopsis of English History : or, A General Sum- 
mary of Dates and Events for the use of Schools, Families, and Candidates 
for Public Examinations. By Arthur Bowes. Third Edition^ enlarged. 
8vo. 2s. 

The Student's Text-Book of English and General History, from 
B. c. 100 to the present time. With Genealogical Tables, and a Sketch 
of the English Constitution. By D. Beale. Third Edition. Post 8vo. 
Sewed, 2s. Cloth, 2s. ed. 

" This is very much in advance of most works we have seen devoted to similar 
purposes. We can award very hi|;li praise to a volume wliicli may prove invaluable 
to teachers and taughU* -"Athenaum, ■ 

tables of Comparative Chronology, illustrating the division uf 
Universal History into Ancient, Mediwval, and IV^ern History; and 
containing a System of Combinations, distinguished by a particular type, 
to assist the Memory in retaining Dates. By W. E. Bickmore and the 
Rev. C. Bickmore, M.A. Third Edition. 4to. 5s. 

L Course of Historical and Chronologica Instruction By W. 
E. Bickmore. 2 Parts. 12tno. 3s. Qd. each. 
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A Test-Book for Students; comprising sets of Examination Pa- 

^pen upon History Mid Grebgraphy, LaDgaage and literatiire, and Mathe- 
matical and Physical Sciences. Designed for Students preparing for the 
Universities or for Appointments in the Army and Civil Service, and 
arranffed for General iTse in Schools. By the Rev. Thomas Stantial, 
M. A., Head Master of the Grammar School, Bridgewater. In Four Parts, 
Crown 8vo. ; or in 1 vol. 7s. M. 

Part I.— HISTORY AND GEOGRAPHY. 2s. W. 
Part II.— LANGUAGE AND LITERATURE. 2*. 6d. 
Part III.— MATHEMATICAL SCIENCE. 2s. 6rf. 
Part IV.— PHYSICAL SCIENCE. 1*. 6rf. 

A Guide-Book for Students; a Series of Short Familiar Lectures 
upon Langaage and Literatnre, &c. &c., and forming a key to the ** Test- 
Book for Stndents." {Preparing. 

The Geoeraphical Text-Book 5 a Practical Geography, calculated 
to facilitate the study of that useful science, by a constant reference to 

the blank maps. By M. £ ... S 2s. 

II. The Blank Maps done up separately. 2s. coloured. 

Manual of Astronomy : a Popular Treatise on Descriptive, Phy- 
sical, and Practical Astronomy. By John Drew, F.R.A.S. Second Eair 
Hon. Fcap. 8vo. hs. 

A New Series of Copy Books, by Jdseph Clarke, late of King 
Edward's Grammar School, Norwich. Price ^. each. Extra sise on 
fine paper, M. each. 

The First Copy Book contains elementary turns. 

The Second contains large-hand letters, and the means by which such 
letters ma^ be properly combined. 

The Third contains large^hand tronis, commencing with un/lourished 
capitals. 

The Fourth contains the essentials of a useful kind of small-hand. 

The Fifth contains small'hand copies. 

The Sixth contains the foundation for a style of smaU-hand, adapted to 
females, moderately pointed. 

The Seventh contains copies for females. 

Goldsmith's (J.) Copy Books : five sorts, large, text, round, small, 
and mixed. Post 4to. on fine paper. 8s. per dozen. 

The Manual of Book-keeping ; by an Experienced Clerk. 12mo. 
'Eighth Edition, is. 

Under Government : an Official Key to the Civil Service, and 
Complete Guide for Candidates seeking Appointments under the Crown. 
By J. C. Parkinson, of the Accountant ana Comptroller- General's De- 
partment, Inland Revenue, Somerset House. Crown 8vo. [Immediately. 

Contents : — A brief Historical Account of every Government Department 
— The Internal Organisation of each Department of all the Public Offices 
— The Divisions into Classes or Ghrades — The Number of Officials in each 
Class — The respective Annual Salaries and Relative Rates of Progressive 
Increase according to Standing — Periods of Sen'ice entitling to Super- 
annuation Allowance, and Rates of Retiring Pension — The recent Regu* 
lations of. Nature and Subjects for, the Examination before the Civil 
Service Commissioners, which all Nominees must now necessa^rily pass 
before they can enter the Public Service : showing the Distinction be- 
tween the Competitive and merely Qualifying Examinations — The rela- 
tive Value, Present and Prospective, of Appointments to the different 
Branches of the Pablic Service — The Varieties of Patrona|^ and Influ- 
ence requisite for obtaining a Nomination to a Post under wvemment — 
The whole being a Comprehensive Epitome of Authentic Information, 
compiled from Official Sources, and forming a complete and practical 
Guide to the Civil Service of the Kingdom. 



